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PREFACE. 


It is perhaps expected that some reason should be given for the 
publioation of this \v(»rk, though it may appear inadequate. Force 
of circumstances, luther, thfen doUherate choice on my part impelled 
it ; and, now that it has l^n iu'coiuplishcd, I cannot but feel how 
imperfect the production A lengthened residence in India led 
me to hccoane interested hi the study of the ancient mathematical 
woiks of the Hindus, 'This study was frequently interrupted by 
oifjcial duties, and much information acquired in its course has been 
for a tinu' forgotten. Recent circumstances, and chioliy the interest 
di-^played by my former pupils in a paper presented to the Royal 
St^ciety on tlio same subject, has induced me to make an effort to 
regain the lost ground, and to gather together materials for a more 
extended work. Moreover, a conviction formed many years ago 
that the Hindus have not received the credit due to their literatuie 
and jnatliemutical science from Europeans, and which has been 
strengthened by a rtnewal of my study of those materials, has led 
me also to a desire to put before the public tlieir system of astronomy 
in u.s simple a maimer as possible, with the object of enabling those 
interested in the matter to form their own judgment upon it, and, 
possibly, to extend further investigations in the subject. I have 
found fajr greater difficulties than I had anticipated from the fact 
that, although, no doubt, many Hindu writings exist wliich, if 
translated and consulted, would throw greater light upon the 
matter, yet comparatively few have undergone^ European invehtiga- 
tion. I have been greatly assisted in my endeavours by the follow- 
ing books, from s(/me of which I have made copious extracts, in 
order to present the views of others than myself. 
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Preface. 


TUe works of Sir W. Jonos, Bailly’s “ Astronomic Indienne,” and 
Play fairs’s paper on it, in the “Transactions of the Eoyal Society of 
Edinburgh,” Davis’s “Essays in Asiatic liesearches,” Colebrooke’s 
“Essays and Translations from the Sanscrit,” Bentley's “Hindu 
Astronomy,’’ references to Captain Wilford, Professor Max Muller, 
Ferguson’s “Architecture,” and other works; the Institutes of 
Akber, and the translation of the Siddhanta Siromani of Launcelot 
Wilkinson, C.S. 

f have not entered at greater length into the mathematical know- 
ledge of the Hindus tluin will be sufficient to show its general char- 
actPi', and that it was adecpiate for their^quirements in the ordinary 
business of their lives, and for the purposes of their astronomy. 

In the description of the Surya Siddhanta I have been indebted 
to the translation of this wtiik from the Sanscrit, by Pundit Bapu 
Deva Sastri, of lire Sanscrit College of Benares. 

I take this opportunity of offering my thanks to my former 
pupils, who, after so many (23) years, still retain their attachment to 
me in my retirement, and especially to Kajah Eajendro Narayan 
Koy Chowdry of Bhowal, who have all taken the greatest interest in 
the progress of this work. 

W. BRENNAND. 

Thk Fort, 

Milvkkton, Somebskt, 

25th Mmoh, 1896. 
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HINDtf U4^^?5 nOMY. 

^ 

PART I. 

^ 

CHAPTER I. 

FKEUlSTOllfC ASTRONOMY OF ARYAN MIGRATORY TRIBES. 

Tn a zone of the Asiatic ^nitineiit, between 30 degrees and 45 
degrecvs North, and from 30 Agrees to 120 degrees East, about 900 
miles in breadth, and nearly 4,000 miles in length (between Asia 
Minor and Africa on one side and the Pacific Ocean on the other), are 
some of the most extensive eountries of the earth, and most prodxictive 
and fruitful. Intermixed with them are many mountains, and 
deserts, highlands, and arid plains, with inland seas, lakes, and rivers. 
In some of these countries the people live in settled homes, engaged 
in agricultural pursuits ; in others the Nomadic tribes, dwelling in 
tents, wander from place to place with their flocks, evtu* seeking 
fresh fields of pasture. 

♦Such countries have, in Historic times, been the theati’e of some of 
the most tragical events recorded in history, in which great nations 
have been the actors, and in wliich the empires of the Assyiaans, the 
Medes, and the Persians, have each in turn risen, flourished, and long 
since been destroyed. 

In times of peace the people have lived industrious lives, growing 
in wealth and numbers, acquiring the habits of civilization, culti- 
vating tlie arts and sciences, and then Imve been swept away by some 
new wave of invading ])eoples, who have likewise given place to 
others. 

It is a very reasonable presumption that, in Prehistoric times, 
similar eventful scenes have been enacted, and that, during the con- 
vulsions which overwhelmed the ancient great centres of civilization, 
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priests and rulers have gone fo^rtli from the intelligent classes, 
carrying with them their sxipcu'ior sldll and learning, and have Joined 
Nomadic Irihos, heccming ihoir leaders, and seeldng other homes. 
There is evidence' of several sxieh great migrations from the districts 
above referred to, the discussion of which it is impossible to enter 
upon here. It will be sulficient tu notice a few only of the opinions 
which vTiters on the subject have arrived at. 

8ir "W . Jones, in a series of discourses before the Asiatic', Society of 
Calcutta in 1792, after a general survey of Asiatic nations, arrived 
at the conclusion that tlic Persians, the Tndiairs, the Homans, the 
Greeks, the Goths, and the old Egy^'dans, all originally spoke the 
same language and professed the same popular faith, and this he 
conceived to he capable of incontestible proof. 

Since thai time, the theory thus propounded has gained strength. 
Many Oriental scholars have been engaged in a comparison of the 
languages, religions, customs, oecupati<»ns, and the ^Mythologies of 
different nations of tin; earth, and their investigation has led them 
to the knowledge of a great b^dy of facts, the explanation of which 
has become of great importam'e in tla' right int(‘rpretation of history. 
To all who have been thus engaged in the empui'y, it has brought the 
conviction that the Sanscrit, the Zend, and all Exiropcan languages, 
are related to each other, and that the differences observed between 
them have arisen from the admixture of races, caused by great 
migrations from Central Asia. 

Sir W. Jones considered it probable that the settlers in China and 
Japan had also a common origin with the Hindus and Persians, and 
he remarks that, however they may at present be dispersed and 
intermixed, they must have migrated from a central country, to find 
wliich was the problem proposed for solution. He suggests Irania 
as the central country, but he contends for the approximate locality 
rather than for its name. 

Dr. 0. Shrader, in his '‘Prehistoric Antiquities of the Aryan 
Peoples,*^ has described the very various opinions, expressed by 



Aryan Migrations. 


3 


learned men of recent times, regarding the origin and homes of the 
Aryan races. Among the theories propounded, he mentions the 
opiniojn of Rhode, who endeavoured to discover the geographical 
starting point of the Zi^nd people, in whom he comprcdiends Bactrians, 
Modes, and Persians. He observes traces of the gradual expansion 
of the Zend people, considering their starting point to be Airyana 
Vaejanh, followed by Siigdlia, tlie Greek Xoy^iain) (Suguda, Modern 
Samarkand). He farther notes Dial Keriein^ Veedjo is to be looked 
for nowdiers else than on the moinitains of Asia, whence, as far as 
history goes hack, peopl(\s have p(*r})et aally migrated.'’ 

Dr. O. Slirader instanee^as a proof of the close connection 
between the Indians and the Iranians, that they alike call themselves 
Arya, Ariya, and that, beyond doubt, India was popidated by 
Sanscrit peo])le from the NoT-th-west. 

‘‘There arc clear indications,” In^ further says, “in tlie liistory 
of the Iranian peoples, that the most ancient period of Iranian 
()ceu]>ation tvjis over before the (‘onc^nest of the Medio«Persian terri- 
tory, lyitig to Uie East of the great desert. From the nature of the 
ease, it is just this Eastern portion of Iran, the ancient provinces of 
Sogdiana, Bactria, and the region of the Paroparnisus, to which we 
must look in the first instance for the home of the Indo-Iranians.” 

Again, it a])]K'ars to have been the opinion of Professor Max 
Muller, that “No other language (than tlie Hindu) has carried 
ofi so large a slmre of the common Aryan lieiiioom, whether roots, 
grammar, words, myths, or legends; and it is natural to suppose 
that, though the eldest brother, the Hindu was the last to leave the 
Central Aryan home." 

Further, as Warren Hastings lias remarked, when he was 
Governor-General of India, there are immemorial traditions pre- 
valent among the Hindus that they originally came from a region 
situated in 40 degrees of North latitude. 

The course taken by the great migration into India is supposed to 

be that which followed the ancient trade-route, and path of the 
B 2 
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nations tlir<mgh Culmh to the North-west of the Indus, and the 
progress is thus rt'iiunked upon by J)r. Shrader: “It is beyond 
doubt that India was populated by Sanscrit people from the Nortli- 
west, a movement which is depicted in the Hymns of the Ilig Veda 
as being in the course of prc»gress. The Indians of this age, whose 
principal abode is to be looked for on the banks of the Sindhu 
(Indus), have as yet no direct knowledge of the Ganga (Ganges), 
wdiich is only on(‘e mentioned in the Rig Veda*. Nor do their 
s(:tt lenient s seem to have readied as far as the mouth of the Indus, 
01 ’ as far as the Arabian Sea, at that time. The grand advance of 
the Indian tribes, Soutlnvards an(|^%Kastwar(ls, is mirrored very 
Vividly in the difterent divisions and names of the seasons of the 
year in the more reeent ])en“iods of the life of the Sanscrit language/’ 
So, also, Bryant, in his “Ancient Mythology’’ (7ol. IV., 285), 
thus describes the effects of the emigrations referred to : — 
t ITpou the banks of the great River Ind, the Southern 
Seutlia dwell; wliich river pays 
Its watery tribute to that miglity sea, 

Styled Erythreaii. har removed its source, 

Amid the stornij cliffs of Caucasus, 

Desnending hence through .many a winding vale, 

It separates vast nations. To the West 
The Oriim live and Aribes ; and then 
The Aracotii famed for linen geer. 

* The most ancient waitings of the Hindus are the Vedas, whicjh are 
supposed by their followers, to bo of divine origin. They are divided 
into four parts, each of w^hieh is a separate work, consisting principally 
of Hymns and Prayers, and, according to Oolbrooke, they exhibit no trace 
of wbat must be considered the modern sects of Siva and Krishna. 

They are named in the following order of their supiiosod antiquity : 
The Rich or Rig- Veda written in Sanscrit Verse. 

The Yajni-Veda in prose. 

The Sama Veda on Chaunting, and the Atharva-Veda which consists 
of prayers and is believed to have had a later origin than the other three, 
f Translated from the Greek of the Poet Dionysius. 
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Next the Satniidae ; and those who dwell 
Beixeatli the shade of Mount Parpanisus, 

Styled Arieixi. No Idiul glebe they own, 

Bat «‘i waste, sandy soil replete with thorn. 

Yet are they rich ; yet doth the land supply 
"Wealth witliout measure 

. . . . To the East a lovely country wide extends — 

India; whose borders the wide oe<^an bounds. 

On this the sun new jising from the main 
Smiles pleased, and she^ his early orient beam. 

The inhabitants are swart; and in tlieir looks 
Betray the tints of the dark hyacinth, 

With moisture still abounding; hence their heads 
Are ever furnished with tlie sleekest hair. 

Various their functions ; some the rock explore, 

And from the mine extract the latent gold. 

Some labour at the woof with cunning skill, 

And manufacture linen ; others shape 
And polish ivory with the nicest care. 


Nor IS this region l)y one people held; 

Various the nations, under different names, 

That rove the banks of Ganges and of Ind. 

Lo ! where the streams of Acaisine pour, 

Ami in their course the stubbi)iii rocks pervade, 
To join the Hydaspes ! Here the Bardans dwell, 
Above whose seat the River Gophes rolls. 

The sons of Saba here retired of old ; 

And hard by them the Toxili appear, 

Joined to the Scodri. Next a savage cast — 
Yclep’d Peucanian 
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To enumerate all \?lio rove tliis mde domain 
Surpasses human power. The Gods can tell — 

The Gods alone, for nothing’s hid from Heaven. 

Let it wSiiffice if I their worth declare : 

These were the fii'st great founders in the world — 

Founders of cities and of mighty states, 

Who show’d a path through sons, before unknown, 

And when doubt reigned and dark uncertainty, 

Wlio rendered life more certain. They first viewed 
The starry lights, and formed them into schemes. 

In the first ages, when tlic sons oiFmen 
Knew not which way to turn them, they assigned 
To each his just department ; they bovStowed 
Of land a portion and of sea a lot, 

And sent each u'andering tribe far otf to share 
A different soil and climate. Hence arose 
The great diversity, so plainly seen 

’Mid nations widely severed 

But it was not only Southward to India that the Nomads ol 
Central Asia migrated. They spread Westward and Eastward, 

])xt Halde, in his account of the Jesuit Missions in Cliina, given 
in his description of the Empire, says : — '' It is a common opinion 
of those who have endeavoured to trace ihe origin of the Empire, 
that the posterity qf the .sons of Noah, spreading themselves over 
the Eastern parts of Asia, arrived in China about 200 years after the 
IJoluge, and settled themselves in Shen-Si.” He supposes the Flood 
to have happened in the year 3258 B.C., preferring the account of 
the Se})tuagint to that of the Vulgate. He then rejects the dates of 
the first Emperors of China, which are given in Annals of ’the 
Chinese Monarchs,” as being uncertain, and as involved in some 
d(^<>iee of obscurity, and estimates that Yu the Great— the fii'st 
Emperor of the Dynasty called Hya — began to reign in the year 
2207 B.C. As an eclipse of the sun haj^pened in the year 2156 B.C.^ 
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tvliicli has been astronomically verified, and which is also recorded 
in tlie ( Jhinose history, it is considered to be demonstrated that China 
must have been peopled long before that time, and that the date of 
the first Emperor was about the year 2327 IhC. There is a great 
diversity of opinion regarding the introduction and use of the first 
Chinese cycle of 60 years (which they brought with them from the 
West, and which was also a common cycle in India and Chaldea), 
some placing it at 2757 B.C. ; and this epoch is that which is 
generally accepted in China at the present day. 

Now, at the epoch mentioned (2767 B.C.), when the tribes 
migrating Eastward from so^^ central country in the West, were 
on their way to their new homes in China, it is an astroiiomioal fact 
that a Draconis was their polaris. It is a star of the third mag^ 
uitude, and would be seen by them, apparently a luminous point, 
fixed at the North Bole, beUvecn 30 and 40 degrees in altitude. 
They would also liave seen other stars of the (.Constellation Draco, 
describing small circles about this point, greater and greater, accord- 
ing to their distances from it. Night after night, as they tended 
their flocks, the same phenomena would be witnessed by them, and 
must have been vividly fixed in the memory of all. Those w'ho have 
any acquaintance witfi (liinese history know" how much the dragon 
is held in veneration by tliem, it being the symbol of royalty, 
emblazoned on their templcvS, their houses, and their clothing. 

In the year 2800 B.C., ^ Draconis was only 10 minutes from 
the Equinoctial Bole, and being then in tlie Solstitial Colure, 
it must have impressed u])on oliservers of that period, iu a higher 
degree, the sacred character in which the tiiiies of the solstices and 
the eqiun(;xes were held in their former homes. The Chinese 
.^religion then resembled that of the Indian Vedas, showing an 
affinity between the two races. On four mountains at tlie extremi- 
ties of the Celestial Empire, four altars were placed, on wliicli 
offerings and oblations were laid, with prayers, and were the 
homage paid to t-hyen, or the sky, which was considered an emblem 
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f)f the Supreme Being, the (-reattir and Ruler of the Universe. Four 
solemn sacrifices were at that time ordered to be offered on the 
Kaslern, the Southern, the Western, and the Northern mountains, at 
the equinoxes and solstices in regular succession. Similarly, in 
India, the Brahmins are enjoined, in the Institutes of Menu*, to 
make sacrifices in hemour of the Lunar mansions, and holy rites 
u^ere observed every three months, at the ecpiinoxes and at the 
winte'r and summer solstices. 

In this worship of the Most High we see some resemblance also to 
the prayers and sacrifices of the Nomadic Abraham, who was him- 
self a wanderer from the house of hi|^^athers in Ur of Chaldea, as 
described in the Hebrew Scriptures. 

The emigrating tribes, who thus, undoubtedly, in Prehistoric 
times, went forth Westward, Southward and Eastward from their 
Central Asiatic homes, carried with them evidences of their com- 
mon origin. For example, they had the same religious bediei in 
one Supreme Being, the Creator and Supreme Ruler of the Uni- 
verse, to whom prayers and sacrifices were otfen'd. 

Idiey had the same days of the iveek, over w^hich the sun, the moon, 
and the five planets were supposed to have been appointed rulers, 
in successive order, in accordance with their respective names. 

They had the same divisions of the Ecliptic, into twelve parts or 
signs of the Zfidiac, corresponding wdth the twelve months of tlie 
year, the sun moving through the successive signs, during suc- 
cessive months. 

There was also, among the more intellectual classes of all these 
wandering Asiatic races, another division of the Ecliptic, into 28 
parts, forming the extent of the same number of constellations or 

- _ • — iiu 

^ T1x 6 Xnstitutoti of is ft trofttiso on rolig^ous ftixd civil duties 

prescribed by Menu, the son of Brahma; to the inhabitants of the earth. 
It is a work in Sanscrit, and, next to the Vedas, of the greatest antiquity. 
A. translation into English is given in the works of Sir W. Jones, vol. VII, 
Keforeuce will be made to it further on. 
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Afeterisms, being the spaces through which, in succession, the moon 
travels daily, in its monthly comse round the heavens. This 
system of Lunar constellations, though common to several Eastern 
countries, has different names in each. In the Indian astronomy the 
Asterisuis are called Nacshalvas; in the Chinese they are designated 
Sieu; in the more central parts of Asia they had the name of 
Man/.ils, Lunar jnansions or stations. They are, however, Icvss 
known among Western nations. The Egyptians possessed them at 
a comparatively late date, but marie little or no use of them, and it 
^ dees not appear that they have had any place in Gfrccian astronomy. 

! It was the diligent use wliich^ie Hindu astronomers made of t hese 
Naeshatras, in the progress of their astronomy, tluit gave them 
their superiority over all other ancient nations, and in so far as 
they permanently intjoduced tliis Lunar system of division in their 
jicliptic into their astronomy, it would appear to be character- 
istic-ally diilerent from our modeim system. 

It has, however, been a quevStion raising much discussion amongst 
tJie learned for ma-ny centuties, as to who were the original inventors 
of the (Jelestial sphere, which has descended to us from the Greeks, 
with their vast syestem of mythical fables. 

The Solar Zodiac, indeed, with figures representing the 12 signs, 
has been in use in ail historical periods, having nearly the same 
characteristics among the Greeks, the Egyptians, the Persians, nhe 
Hindus, the Chaldeans, and the Chinese. 

It is reasonable, therefore, to suppose that the idea of the Celestial 
Sphere and of the Solar Zodiac was a common possession of all the 
migrating tribes referred to by Professor Mux Muller, at times 
before they left their central homes. 

The Nomadic tribes of Asia, who waterhed their flocks by night, 
.must, as they themselves wandered over vast plains in search of 
fresh herbage, Lave had abundant opportunities of observing the 
Sidereal Sphere', which was apparently in incessant motion. Night 
after night, with an unobstructed view, the same stars would b® 
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seen to rise in the East, and to pursue an even course through the 
sky, but to set a little earlier each succeeding night. Erom child- 
hood upwards, every individual of the tribes must have become 
familiar with the forms in which the stars were constantly pre- 
sented ti) their view. What, then, would be more natural than that 
they should speculate regarding the nature of Celestial orbs ; that 
in fancy they should have pictured to themselves outlines among 
them , and in imagination given them the forms of objects with 
which they wore most familiar ? 

The ram, the bull, the goat and kids, the virgin reaper, or 
gleaner of com, the archei', A^ho, in d()((|^nc(* of the flock, must have 
had conflicts with the lion; the bearer of water to the cattle; the 
crab and flsli of tluj lakes and rivers, wlxich they frequented, the 
poisonous scorpion, and the balance designating the time when the 
days and nights were equal; all indicate the common objects of the 
wild and I’estless people of the plains, and emphasise the probable 
fact that the signs of the Solar Zodiac originated with the Ere- 
historie Nomads of Central Asia. 

Time, during the long night watches, could only be known by 
the motions of the Ir.minotis ca bs of the sphere, and the bright stars, 
at their rising and setting, were such familiar objects, and so 
generally known, that they would be referred to with the same^ ease 
and confidence with vhich, in modern times, we refer to a watch or 
a clock. The rising of the sun began the solar day, and a briglit 
star, rising at the same moment, is often refeii‘ed to as marking a 
particnlar timo of the year, in connection with some other event 
expected to happen at the same time. Thus the heliacal rising of 
Sirius was connected with the inundation, of IJgypt by the rising 
of the Nile, about the time when Sirius rose with the sun. The 
births of children were marked by some star rising at the same 
time with the sun, or coiuiected with that point of the Ecliptic 
which was in the horizon at the same moment, thus constituting 
the child's horoscope, by which, in after times, it was believed the 
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aetrologer could foretell all tlie events tliat would happen ih the 
child's life. 

Moreover, it may be readiJy supposed that the fertile iinaginution 
of the Eastern story-teller would find, in the starry sphere, the means 
of giving a celestial locality to departed heroCvS and to other objects 
comrected with the tales anSl traditions of his tribe; illustrations, 
which would give to 'his listeners a greater interest in liis romances 
during the tedious hours of tlie night, whilst they were tending 
their flocks. 

In tl\is way it is not im^rohable that all the 48 ancient con- 
st ellat ions received their naiii^, and that the rising and setting of 
particular stars with the sun were noted and connected with events 
in their lives, which may have been the origin of many supersti- 
tions ])revalent in later tiiiies, and, in some cas(*s, may have been, 
amongst the Greeks, the origin of their poetical legends. 

The approach of the losing sun would be indicated when the 
night w^atch was nearly over, by the fading and final disappearance 
of the smaller stars, in the increasing dawn. Long shadows would 
he thrown o\it by the tent poles towards the WcvSt, which would 
shorten and change their direction*?, as the sun ascended higher in 
the sky, and at his highest point tiny ovoukl be shortest, and at the 
moment directed to the Ts^orth, indicating that the sun was in the 
meridian, and that it Avas noon. Then the obanges would begin in 
a reverse order, the shadows lengthening, but turning still in the 
same direction tow^ards the East, disapjiearing when greatest at 
sunset. 

These circumstances no doubt originated, in its earliest form, the 
sun dial (a vertical vstyle on a horizontal plane) the same form as 
described in the Surya Siddhanta of the Hindus, and in the descrip- 
tion given by the Jesuit missionaries, as being in use in the Chinese 
observatories. 

iVnd again, to the Nomadic tribes in Prehistoric times may be 
ascribed the simple discovery that when the sun in summer rose at 
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a point of the horizon nearest to the Norths and furthest in ampli- 
tude fioiti the East, its place in the Ecliptic was the ^Northern 
solstice, which then rose Avith the sun, and that it was then a ,time 
of most solemn impc'i’t — a day w^hen prayers and sacrifices should 
be offered to the Almighty. This, indeed, was a religious practice 
observed among all the emigrating tribes both at the solstices and 
the equinoxes. 

That the bull should have been held to be a most sacred animal 
in Prehistoric times among the migrating tribes, and afterwards 
especially revered in Egypt and India, is a circumstance that would 
appear to have its explanation in th^fact that, between the years 
2426 B.C. and 266 B.C., the equinox Avas retrograding through the 
Constellation Tamms.* 

vSo, also, about the time when the vavioxis tribes were migrating 
from their central abode, the bright star Cor Leonis must have 
been an interesting object to the primitive astronomers of that 
period, for this star was then at or near the summer solstice, and a 
parallel of declination through it in the year 2305 B.C. miglit be 


^ Among ancient entablatures which are carved in rocks we have 
observed figures Avith the head and horns of Bulls. 

The Eg}rt)tians undoubtedly worshi 2 )ped one of tliese animals at their 
City of PliarbethuvS, 

When the Apis died it was 2 >ut into a coffin and interred in the temple 
of Ser-Apis. 

The mino-taur, the Taurus Lunaris of Crete, was represented as a man 
with the head of a bull. 

The BulPs head was esteemed a princely bieroglj^phic, and Astarte, it 
is said, placed the head of* a bull upon her head as a royal emblem. 

Mountains, places and^ peoples are named Taurus, Taurica, Taurini, 
Taurisci, Tauropolis, Tauropolium. 

Tours, in Caul, was called raypoeig. Many other instances may be 
collected from China, Japan and India. 

In India the Brahmini Bull wanders freely through the towns and 
villages, a mendicant receiving doles of rice from village shopkeepers. It 
is often made away with by Mahomedan butchers, and such desecration 
has occasioned frequent encounters between the Hindus and Mussulmen. 
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iroperly termed then the “tropic of Leo." It may be owing to ihis 
\u!t that the Persian priests of Mithra, clothed in the skins of lions 
it the Mysteries called Leonticm, were named lions. 

Again, at a jieriod of L2() years before this time, the solstice was 
ar. the ])oint dividing the two constellations Leo and Virgo, which 
lironmstanco probably ga\% rise to the enigma of the Sj>hinx, the. 
Egyptian image, which, in the greater number of cases, had the 
liead and breast of a virgin and the body of a lion (impljdng a 
doubt whether the viigin or the lion was most to be adored).* 

^ Sphynxes are Btiix^oiidouf^giioniiiuonts of llio skill of tlio Eg' 3 ^ptians. 
The largest and most admireanjf these, like tln^ pyramids, seems x>avtly 
the work of nature, and x>^ii'tly that of Art, being cut out of the solid 
rock. Tho larger j^ortioii, howevi'r, of tlu' entire fabric, is covered with 
the sands of tho desert, which time has accumulatcMl round these niust(‘r- 
Xhnees of other days, so that the j^^Tamids have lost much of their 
elevations. 

The number of Sphynxos found in Egypt, besides their shape, seems 
to countenance tlie oldest and most commonly received ox)inion, that tlioy 
refer to the rise and overflow of th(" Nile, which lasted during the xmssago 
of tho Sun tlirough the constellations Leo and Virgo : both these signs 
are, tliereforo, combined in the figure which has tho lioad of a Virgin and 
tlio body of a Lion. 

The largest 8phynx was imagined also, as Pliu}^ aflirms, though with 
what riMison do(\s not appear, to liave been the sepulchre of King Amasis. 
It having been considered that tiino must have olfocted revolutions, in 
respect of the signs themselves, of which those strmdures were Bui)po8ed 
to be symbols, as regards tlio rising of tln^ riviii* and tho orilcr of tho 
months, it has been more recently concluded that the ^xdiyuxes were 
mysterious symbols of a religious character not now to bo unravelled. 

According to Herodotus tho periodic inundations commence about tho 
end of June and continue till the end of Septenxbor.— 
MetrofoUtami^ /X, 209, 


The Theban Sphinx has the head and bosom of a girl, the claws of a 
lion, the body of a dog, tho tail of a dragon, and the wings of a bird. 

Count Caylus tJ links that the Sjihinx was not known in Greece, but by 
the story of Hldij^us, and then it aj)X)oar8 in the same manner as when 
proposed in the enigma. 

The Egyptian Sphinx, says Winckleman, has two sexes, tho Andro- 



14 


Hindu Astronomy, 


Tlje revoliitioas of the i«ooii, and tlie phases it daily assumed, 
inciH'asing till, at the full, it >Yas a circle, and then decreasing till 
it filially disappeared at coiij unction, could not fail to be objects of 
great interest to the wandering tribes. I'lic synodic peiiod, or the 
time between one new or full moon to the next, a little more than 
29 J days, but reckoned by tbeni as days, must have been the 
means of marking the extent of each constellation in their Solar 
Zodiac. And 13 such periods of the new moon constituted, in the 
earliest times, the solar year of 360 days, when it was assumed 
that the sun had cnnplcted its course through the ecliptic circle, 
thus making tlie diurnal motion of^ho sun to correspond with 
one degree of arc. 

The divisions of the Zodiacs of all the countries before men- 
tioned were the same, each constellation (‘xtending over 30 degrees 
of are, the irresistible inference being that they all derived their 
Zodiacal division from a , common ancestry. 

Ill the Zodiacs of clifterent Western countries, the same Solar 
constellations were, in general, represented by the same figures of 
auimaks and other objects, that of the Persians differing from them 
only by representing tin" twins as two kids. Moreover, the abbre- 
viations are nearly the same, though the figures differ from the 
general type, as wu*ll he seen by reference to the two accompanying 
plates. (Plates I. and II.) 

Tlie figures, however, of the same Solar constellations of the 
Chinese Zodiac, are, with the exception of two, entirely different 


Sphiiigis of Herodotus with the head of a female and male sexual parts. 
They are found with human hands, armed with crooked nails, with 
beards ; the Persea plant upon the chin, horses tails and legs ; veiled, 
the sistrurn, &c. 

Plutarch says that it was placed before the temples to show the sacred- 
ness of the in^'steries. 

In Btosch it holds in the mouth a mouse by the tail, has a serpent, 
before her a caduceus . — Foshroke 163, 
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Only tile 2nd and )tlie 8tli (the ox and the slieep) may be supposed 
to resemble two corresponding animals in the others. Out o£ the 
10 remaining figures only five are met with among thos(‘ winch 
represent the 48^ constellations (»f the ancient celestial sphere. 'I'hese 
are the dragon, the srrptmt, the horse, the dog, and the liare. 

The following table shows^ ccaupaiison of the ( 'hinese signs with 
those used by other nations: — 

The constellations of the Oiialdean | According to Kempfer constella- 
Zodiac represented by — | tions in tlie Chinese Zodiac are 




X 

Hindu names. 

represented by — 

1 

The Earn 

(Mesha) * 



2 

>> 

Bull 

(Vrisha) V 

1 

Tlio Ale use 

3 

n 

Twins 

(Mit’huna) 

2 

,, Ox or Cow 

4 

1 7 

Crab 

(Carcati) 

3 

Tiger 

5 

7t 

Lion 

(Siiiha) 

4 

, , TTare 

6 

77 

Virgin 

(Cany a) 

5 

,, Dragon 

7 

77 

Balance 

(Tula) 

6 

„ Serpent 

8 

77 

Scorpion 

(Yrishchica) 

7 

,, TTorse 

9 

77 

Archer 

(^T)han us) 

8 

,, Shoop 

10 

77 

Goat 

(Macara or sea 

9 

„ Archer 




monster) 

10 

,, Cock 

11 

77 

Water-boaror ( Cumblui) 

11 

Dog 

12 

77 

Fishes 

(Mina) 

12 

,, Boar 


It is, however, to be observed that, although there are tliese 
remarkable differences in the names and figures of the signs 
employed by the Chinese, yet the number of tla^ whole is tlic same 
as that employed by the other nations. The differenci^s, therefore, 
it may be assiuned, were those naturally arising from the lo('ality 
in Avhich the tribes found tl emselves. 

* At Achniiii or Eohniin, the ancient Chemnis or Panopolis of the 
Greeks near Ptolemais Hormii, is a town in which there is a temple of 
which the stones are scattered about, others transferred to a Afosquo 
where they are placed without regularity or taste. On one of them may 
be traced four concentric circlosin a square, the innermost of which contains 
the Sun; of the next two, one contains 12 birds, the other 12 animals 
almost effaced, which apxiear to be the signs of the Zodiac. 

The fourth has 12 human figures, which M. Savary imagines to rej)re« 
sent the 12 Gods, the 12 months of the year and the 12 signs ot the Zodiac. 
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It is, at any i'at(\ certain, notwithstanding the differences just 
alhuled to, that all the migrating tribcvS caiTied with them a con- 
ception of the division of the sun’s {mth into 12 equal pails, which 
formed the extent of each of the Solar constellations, and so the 
SoL'ir Zodiac be(*anie one of the foundations on whicli all their 
astronomical systems were constructec^ 

But amongst the ]n*imitive astronomers, there were, apparently, 
at least two distinct sects in each tribe, the one adopting the Solar 
Zodiac, which had animals principally for its symbols, and another 



l 


The four seasons occupy the angles of the sixuaro, on the side of which 
is discerniblo a globe with wings. 

It seems x)rohable that tliis t(}mide was dedicated to the Sun, and that 
the whole of these hitu’oglyphics mark his i^apsage into the signs of the 
Zodiac and his animal revolutions, Longitude 31® 45, Latitude 20^ 35. — 
Encycloiio'dia Mefropolifaua. 


According to !Macrobius the Signs of the Zodiac originated with the 
Egy[itians, though the jealous Greeks laid claims to the invontion» 

The Earn was assimilated to Jiix)itor Ammon; the Bull to Apis; the 
Gemini to the inseparable brothers ITovus and Harpocrates, who became 
Castor and Pollux ; Cancer to Aiiubis, who was changed to Mercury by 
the Greeks and tlio Pomaiis ; Loo to Osiris, emblem of the sun ; Virgo 
to Isis, converted into Ceres ; Libra did not exist in the Egyptian Zodiac, 
and its place w^as occupied by the claws of the Scorpion ; S(*orpio was 
converted to Typhoon, and became the Greek IMars ; Sagittary was made 
Hercules, the Conqueror of Giants (Macrobius 1, 20); Capricorn was 
Mondes, the Egyptian Pan ; Aquarius, Cornopus ; Pisces, Nephlis, the 
Greek Venus. — FoshroJce'fi Eneyelopmdia cf Antiquities ^ Vol. p, 222. 


The Earn was an animal consecrated to the Egyptian Neitha, a 
goddess wiio presided over the Upper Hemisphere, whence Aries was 
dedicated to her. 

Cancer was the Crab who stung Hercules in the foot to prevent his 
killing the Hydra, and transformed by Juno after he had trodden it to 
death to the Zodiac. 

Capricorn was either the Amelthian Goat or Pan, who metamorphosed 
himself, through fear of the Giant Typhon, into a goat in the upper part, 
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spending with a like number of constellations, marking the daily 
progress of the moon through them, and which were designated in 
the ancient astronomy as the ‘‘ Lunar Mansions/' It woxild appear 
that the Solax Zodiac was made the principal foundation of the 
Western Astronomies of Egypt and Greece, and, in connection with 
its symbols, their respective, l^ystems of Mythology were formed; 
but in the more Eastern countries (especially in India), in the 
earliest ages, although the Solar Zodiac was retained, a preference 
would seem to have been given to the Lunar mansions, from which 
were constructed the Lunar and Luni-Solar years. 

It is, moreover, probable th||(^the titles given to the two ancient 
iraces of Indian pirinces, both of the posterity of Menu, and called 
‘‘the Children of the Sun, and the Children of the Moon'’ (who 
reigned respectively in the cities of Ayodha or Audh, and 
Pratishthana or Vitra), had their origin in the astronomy of the 
two sects which severally adopted, for the foundation of their doc- 
trines, the Solar Zodiac and the Lunar Asterisms respectively. 

The tribes which wandered further eastward also caxTied with 
them to their final settlements in China the two methods of dividing 
the Ecliptic above desexibed. The former of these, with animal 
symbols, in China, differed widely, as has been shown, from that 
adopted by Western astronomers, and the latter (the division of 

and a fish in the lower, which so surprised Jupiter that he transported 
him into the sky. 

Leo is the Nemean Lion. 

Sagittary is according to some the Centaur Chiron, according to others 
Crocus, whom the Muses requested after death to be placed among the 
Signs. 

Scorpio, that insect whoi^ Jupiter thus honoured after its battle with 
Orion. 

Pisces are the fish which carried on their backs Venus and Cupid, 
when they fled from Typhon. 

The Bull, the oldest Sign is taken from the deep Oriental Mythology. 

Aquarius is Ganymede thus elevated by Jupiter.- Eneydop&dia 

Metropolitam. 
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28 Ijiinar Asterisma, stations, or mansions) bore a close resemblance 
to those of other Eastern nations, insomuch that Bentley, after 
examining’ the asticuioniy of the Chinese, says: — *'1 fotind the 
Chinese were not (mly far behind the Hindus in the knowledge of 
astronomy, but t]\at they were indebted to them in modern times 
for tlie introduction of siuiie improve|^i<uits into that science, which 
they themselves acknowledge.” Yet the Chinese Asterisins differed 
greatly in ]ioint of space (jcenpic'd by each; for, as Bentley says: — 

With respect to the Ijunar mansions of the ('hinesc, they differ 
entirely from those tif tlie Hindus, who invariably make theirs to 
contain 13° 20' each on the h^iptic ; whereas the Chinese 
have theirs of various extents from npw^ards of 30 degrees to a few 
minutes, and markeo by a star at the begiiming of each, which 
makes them totally tliffer from the Hindus.'’ [Hee Plate IlL] 

The Arabs are sinrposod by him to have commnnic^ated their 
Asterisms to the Chinese. Cn comparing tliese two systems he 
found that 13 out of ihe wdiole number, which consists of 28, were 
])recisely the same, and in the same order, without a break between 
tlu'm ; consequently there must have been a connection between 
them at some time.” 

Tlic (]ues(ion tlieii arose wiiether the Chinese borrowx^d from the 
Arabians or the Arabians from the Chinese. Bentley says he men- 
tioned the circumstance to a learned Mahomedan, in the hope of 
getting some information, and his re])ly was, ‘'that neither the 
Chinese borro\v(‘d from the Arabs, nor the Arabs from the Chinese, 
but that they both had borrowed from one and tlie same souxoe, 
which was from, tlu‘ people of a country to the North of Persia, and 
to the West or North-west of China, called Turkistan. He 
observed that before the time of Mahomed the Arabs had no 
astronomy, that they were then devoid of every kind of science ; and 
what they possessed since on the subject of astronomy was from the 
Creeks. To which I replied that I understood the mansions of the 
moon were alluded to in the Koran, and as the Creeks had no Lunar 
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mansions in their astronomy, they conld not come from them. He 
said the mansions referred to in the Koran wtae uncertain, that no 
one knew what particular star or mansion was meant, and, there- 
fore, no inference conld be drawn that any of those now in nse were 
alluded to. Here onr conversation ended.’^ 

As the similarity- between t^e Arabian and the Chinese Asterisrns 
appaiently gave rise to the surmise that the latter were borrowed 
from the former, it may be advantagt‘0U8 at this point to examine 
the Arabian system. 

An account of the Lunar mansions, called Arabian, was given by 
Dr. Hyde, Librarian of the L^lleian Library, in a work entith>d 
‘^Ulug-Begb Tabuloe Stellarum Fixurn,” iranslated from the Persian, 
Oxon, 1()65 ; and from this work wo have the names of the 2S 
Lunar Constellations. 

Costard (in his ^'Chaldaic Astronomy,” Oxon, 1748) was of 
opinion that the Lunar mansions of the Arabians were dcnived 
ininu'diately from the (‘haldtans. 

The greater probability, however, as has been siigg(‘sted, is thar 
the Lunar mansions found to be a portion of the Chinese, the 
Iiidian, the Arabian, and the Chaldean astronomy, all had a com- 
mon derivation from the emigrated peoples of (hmtral Asia. 

Ulug-Begh Avas a chief or monarch of the Tartars. He was 
devoted to the study of astronomy, and in his capital of Samarcand 
he had an observatory, with a quadrant 180 feet high, with Avbich 
he made good observations. His principal work was a catalogue of 
the fixed stars, composed from his oAvn observations in 1437 A.D., 
said to be so exact that they difi'ered little from those of Tycho 
Brahe. The latitude of Samarcand is put at 39® 37' 25" N. 

The names of the Lunar Asterisrns, according to XJlug-Begh, are 
given in the following order by Dr. Hyde, with his observations, and 
remarks on them by Costard : — 
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Names and significations of the ManaziUAl-Kamar, or Mansions 

of the Moon. 

1 Al'Slierataxi : They are the two bright stars in the head oi 
Aries. 

2. Al-Botoin : From betn, venter ; (hey are small stars in the 
belly of the Ham. 

?, Al-Thuraiya: From therwa, multus, eopiosus, abundans ; 
they are the Pleiades. 

4. Al-Dobasan: IVoperlj^ the Hyades, bnt generally applied 
t(' the bright star in the head of Taurus, called, in Arabic, 
Ain-Al-Thaur, or the Bnl^i Eye. 

5. Al-Hekah : The three stars in the head of Orion. 

(i- Al-Henah : Two stars between the feet of Gemini. 

7. Al-I)ira: Two bright stars in the heads of the two Gemini. 

8. Al-Nethra: The Lion’s Mouth. 

9. Al-Terpha : The Lion’s Eyes. 

10. Al-Oiebha: The Lion’s Forehead, or, according* to Alfra- 
gani, four bright stars in Tico, one of which is Cor-Leonis. 

11. Al-Zubra: Two bright stars, following llu' Lion’s Heart. 

12. ALSerpha: The Lion’s Tail. 

13. Al-Auwa : The five stars under Virgo. 

14. Sinak-Al-Azal : The spike of Virgo, 

15. AI-Gaphr ; The three stars in the feet of Virgo. 

16. Al-Zubana: The Balance. 

17. Au-Iclil: The Northern Crown. 

18. Al-Kalb ; The Scorpion’s Heart. 

19. Al-Shaula : Two stars in the tail of Scorpio. 

20. Al-Naaim: Eight bright stars, four of which lie in the 
Milky Way, and four of them out of it; those in the 
Milky Way arc called Al-AVarida, or Camels Going to 
Water ; those out of it, ALSadira, or Camels Eeturning 
from Water. 
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21. Al-Belda: “Quod urbem, oppiduinve denotal,” says Dr, 

riyde : According to some Arabian astronomers, it means 
six stars in Sagittarius, where is the sun’s place the shortest 
day of the whole year. According to others, it is a portion 
of the 1 leavens entirely destitute of stars, succeeding the 
Al-Naaim. Why a ^jkcant space should bo called a town 
or ci<y the learned commentator has not informed us. I 
sliould rather think the name alluded to the extraordinary 
number of six stars, which crowd this lainar abode in 
iSagittarius. < 

22. .Al-Dabih : Four stars X Oapricorn. 

23. Sad-Al-Rula : The sixlh star in Ulug-Regirs table of 
Aquarius; it is probably that marked y ])y Bayer, 

24. Al-Sund : Two stars in Aquarius, marked p and ^ by 
Bayer. 

25. Al-Achbiya: Four oilier stars in Aquarius, marked by 
Bayer y> r) and 

26. ADPhergli — Al-Muknddem : Two bright stars, of wliich 
the IS’ortherii one is called the Shoulder of Pegasus. They 
are marked by Bayer « and p in his table of that con- 
stellation. 

27. Al-Phergh — Al-Muacher : Two bright stars at a distance 
from each other, following Al-Phergli, Al-Mukaddem. 
One is in the head of Andromeda, and the other is Bayer’s 
y. in the extremity of the wing of Pegasus, 

28. Al-Risha ; The fumes, the cord ; that is of the fishes. In 
Alfragani this Lunar Mansion is denominated Batu-Al- 
Hut, venter piscis, and it is said to mean the stars of the 
Northern Fish. 

In Plate UL a comparison is instituted between the 28 Lunar man- 
sions of the three countries, China, Egypt, and Airahia, with the 
28 Indian Nacshatras of 12f degrees each, into which the Indian 
Ecliptic waB supposed to be equally divided. 
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T]ie dififerent systems have been ])lott,ed from tables reduced, and 
So as to make the beginning of the longitudes in each, the same 
]i(‘int, ?.e., the beginning of Aswini.* 

Tlie l()nj>itndes of tlie Arabian Manazil-Al-Kairiar— rate taken from 
a table b}^ ]\Iartmiu«, and compared with those of a table by Bentley, 
which ho deduced ftoiu the places of svars in Dr. Morrison’s Chinese 
Dictionaiy. The names of these Cdiinese Astcrisms are those given 
b}^ Du-ITalde, and copied into the’ astronomy of Dr. Long. 

The longitudes of the Arabian ManazibccAl'Kamar — are taken 
from a table calculated by Costard who was at great labour in 
reducing the latiiiides and longitude.-^ from the observations of Uiug 
Bfi>h. ITe observes that, whatever opinion may be entertained 
relative to their antiquity, they must, at all events, be older than 
the time of M.ahomcd, because the Lunar stations, as well as the 
kSolar, are alluded to in the Koran in the following passage :*'*• 
‘^Bosnit Dens Soleir. in splendorem, et Lnnam in tuimen; et dis- 
posnit Earn in Statione nt soiretis niiniernm aimorum.’’ 

The names ami longitmles of the Egyptian system are as recorded 
by Bentley, who says he took them from the Lingua Egyptiaca of 
lurcher, Bentley remarks that the Egyptians make the Equinoc- 
tial Colure to cut the star Spica Virginis, and, in consequence, he 
considered the table to have an epoch of 284 A.D. 

Another feature, in which the astronomy of Eastern nations^ 
appears to be connected, may be recognised in the cycle of GO year’s 
adopted in each. 

This cycle of GO years was brought into India by some of the 
immigrant tribes, and was afterwards known as the Cycle of 
Vrihaspati, of Jupiter.. It is a combination of two cyles, a 
cycle of live years, from the Jyotish (or Astronomy) of the Vedas, 


^ A description of the Indian Ecliptic, subsequcutly adopted with 
27 ftsterisms, is intended to be given hereafter, together with an e^plana^ 
tion of the origin here alluded to as “ the beginning of Aswdni/^ 
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vnd the ^sidereal period of the planet Jupiter, wliieh wtis at first 
re(*,koiied to be 12 yejirs, but was afterwards found by the Hindus 
to be JL 800902 years. According to Laplace, the mean sidereal 
period is 11,862 Julian years, or .138 of a year short of 1 2 years, an 
error of about 8'^- months in 60 years, and would, therefore, require 
periodn? correction. 

It has already hten mentioned that Chinese History and the 
Annals of the Chinese Emperors were written by reference (o cycles 
of 60 years. Such a period of time, moreover, was in conimoii use 
in (^laldea, under the name of Sosos, as mentioned by Herosus.* 

It is stated by several wt^ws, both Persian and (ireciun, that, 
besides the Sosos of 60 years, the Chaldeans had in use several otlier 
cycles, one of GOO years, called the Is'eros, another of ?>,GI)0 years 
They had also a period called the Suros, consisting of 223 compltde 
Innations in 19 years^ after the exjury of which period, the new and 
fnll moons fall on the same days of the year. 

AVhat has been stated in snpport o[ the proposition that the 
astronomies of existing Eastern nations had u common origin may 
be summarised as follows: — (1) They had a like religious belief; 
(2) A like number of days of the week, with like names ; (3) Similar 
divisions of the Ecliptic; (4) The sfiine signs of the Zodiac; and 
(p) Similar months of the year. Also, (6) A like number of Lunar 
ccaistellations ; (7) A like use of the Celestial Sphere ; (8) A like 
use of the Gnomon; (9) A like fantastical nomenclature of con- 
stellations ; (10) Like ideas concerning Mythology ; and (11) Simi- 

^ We read that Berosus, a native of Babylonia, and the High Priest 
of Belus, when the country was invaded by Alexander, became a great 
favourite with that Monarch, and wrote out for him a history of the 
Chaldeans. Ho mentions that there were accounts preserved at Bab}don 
with the greatest care, which contained a history of the heavens, and of 
the sea and of the birth of mankind; tliat some time after the flood 
Babylon was a great resort of people of various nations wdio inhabited 
Chaldea, and lived without rule and order. 8omo Iragments of this 
work, which was in three books, have been communicated by Eusebius. 



^4 


Hindu Astronomy, 


lar cycles of 60 years ; and, no doubt, other similarities might be 
traced. 

Whatever controversies have arisen Tritb regard to the details of 
differences or similarities between the systems of astronomy obtain- 
ing in various countries ; whatever, also, may be the true facts as 
to the order in which each nation m^j have acquired its system, 
there is, at any rate, enough in those similarities to circumstantially 
establish, as a truth, the conjecture that the foundation of Pre- 
historic astronomy is to be found amongst those peoples of Central 
Asia who are generallj referred to as the Aryan race. 



CHAPTEK TI. 


EARLY HINDU PF.RIODS. 

I 

In our eudeaTOurs to become acquainted with the earliest periods 
in which Hindu astifuiomy was extant, we are led into the Pre- 
historic age, which has, to some extent, been considered ; an age 
ctunparablo to early dawn, in which everything is still in a state of 
obscurity, the feeble twilight St those far-distant times enabling us 
only, to perceive that there are objects around us which have a real 
existence, but the shadowy forms of wliich are extremely indistinct, 
and scaicely separable from the surrounding gloom. So far as can 
be traced, the basis of that science was in the religious aspirations 
of Hindu votaries, in times when each heavenly body represented a 
Divinity, The study of astronomy originated in the doctrine that 
the Supreme Being had assigned duties to each of the heavenly 
bodies, by which they became rulers of the affairs of the world, and 
that a knowledge of the Divine will would be acquired by watching 
and observing the order of their motions and the recurrence of times 
and seasons. 

The early religion, indeed, of the Hindus, like other religions, 
bad, as we know% a close intimacy with times and seasons; and 
there was in connection with their rites and ceremonies, a calendar 
to set forth the order in w^hich they should be observed. This 
calendar, in the early periods referred to, had naturally an imperfect 
character, which led to methods afterwards adopted for its improve- 
ment, genejrally with a vhsw to its adaptation to religious rather 
than to secular uses, 

jSTow, among all nations the fundamental periods of time, the day, 
the mouth, the year, are the same, the variations occurring in them 
being principally in the airangement of the days to form months 
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and years ; in the subdivisions of the day ; in the times to be 
reckoned as the coniJiienceinent of the day, whether at midnight, 
sunrise, or noon ; in tlie subdivisions of the year into months, differ- 
ing from each oth(‘r as to the number of days of each; in the 
various kinds of moiiths to form the year, and the like. Though 
there has apparently been the similari^)^ to which allusion is made, 
iievei theless, there aj)pears to have been in all nations a certain 
diiliculty experienced as to the time when tlie yeai’ should be 
reckoned to begin, and in the consequent arrangement of the months 
and seasons, so that these should recur at regular intervals. With 
a view, therefore, to the establishn^nt of some methodical data 
whereby to regulate these, people of all nations have had niore or 
less necessity for observing with attention the motions of the 
heavenly bodies, 

AVith the Hindus, this study became u sacred duty, at least 
amongst the more educated classes, inasmtujh as the celestial bodies 
were viewed as Gods, and the worship of them was enjoined by the 
Vedas. Thus, the j icty of the Hindus in primitive ages led them 
to watch with care all the phenomena of the heavens, and to perfect 
their calendar of festivals, etc,, and to this end the first Hindu 
astronomers must have directed their particular attention. Their 
peculiar systems of algebra and arithmetic seem to show that these 
branches of science had their origin in the necessary requii'ements 
of their astronomy ; and, indeed, so far as algebra is concerned, it 
is not improbable that this science was invented by them. At any, 
rate, they attained to considerable proficiency in mathematics, as 
is clear from the methods employed by them to reconcile the motions 
of the sun and moon, so as to construct the period called the Luni- 
Solar year. 

Amongst the injunctions enforced by the Institutes of Menu Js 
contained a remarkable one making it imperative that the pro- 
fessions and trades pursued by the people should be followed only 
by those distinctively taught in them* Under the rule thus en- 
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joined, each trade or calling came to be follo^ved by dif^tinet families, 
tlie secrets and artifices of sucli trade or calling being pjesei vc^l in 
exclusive classes and sects of the population. T]k‘ knowleiigv 
acquired by the Hindu astronomers was similarly guarded, witli iJn^ 
greatest care, as saer('d, and was supposed to be so secret that it was 
not known even to the Godf:J| It was not to be communicated to the 
common people, and, being regarded as a revelation to inspired 
saints, was only to be divulged to disciples similarly inspired. 

This secretiveness has probably contributed, in some degree, to 
the difficulty now experienced in tracing the early history of the 
science of astronomy amongs|g:he Hindus ; for that part of it which 
was most ancient would no doubt be transmitted orally, and the 
science itself contained only in traditional statcmient. 

At the end of the last century a great spirit of inquiry existed 
among our own countrymen in the East, and researches regarding 
Indian philosophy, literatuie, and sciem^e, were carried on witli 
enthusiastic zeal and ardour, and with proportional siu^cess. 

Among the subjects which were eagerly studied uere those which 
related, for the most part, to tlie antiquity and ancient eivilizaiion 
of the Hindus. 

It was then a general opinw^n (which, indeed, has existed both in 
aiici<mt and in modern times) that the Hindu was one of the oldest of 
civilized nations, and it was sought to ascertain what ground there 
was for this opinion. Attempts were accordingly made to frame 
an authentic systeiii of chronology, applicable to Hindu history. 
But, unhappily, the Hindus themselves have been long* addicted to 
fabulous accounts of their own early history. 

In their eyes, the present Kali age is one of degradation and 
misery, and their traditions lead them to magnify everything that 
relates to the past. They especially refer to the events that are 
supposed to have happened in the Golden and Silver ages, when (as 
they say) they were a free people, and when men were pure and free 
ft*om disease ; and to events of the Brazen age, when it is supposed 
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Yudliisthira and Rama, tliose heroes, whose glorious but fabled 
deeds are recorded in the great Epic Poems of India, must have 
lived and reigned. 

Laying aside, as iiK^redible, the accounts of their national exist- 
euct» for millions of years, given by the Hindus themselves. Sir W, 
Jones and Captain Wilford each inve^' gated their records in the 
hope of finding aulln*iitic or pn^bable dates for men who have lived, 
and events wliicli iiiuloubUdly must have occurred in past ages. 
Both, IjoAvever, gave up the task as hopeless, though each furnished 
a table with a few pr(»bable dates, and Sir W. Jones, in conclusion, 
declares the subject to be so obscure^nd so much clouded by the 
fictions of the Brahmins that we can hope to obtain no system of 
Indian chronology, to wliieh no objection can be made, unless the 
af^tronomical books in Sanscrit shall clearly ascertain the places of 
the colures in some precise years of tlie bistorical age, and not based 
on loose traditions like that of a coarse observation by Chiron, who, 
possibly, never existed. In a subsequent part of this work, an 
attempt will be made to establish some of the more important dates, 
so far as relates to matters connected with astronomy, by a reasoning 
based on the places of the colures, as well as by other means. 

The Hindu writers are charged by^ their enemies Avith falsifying 
and exaggerating dates, a charge wliich appears to have been also 
made against other nations of great antiquity. The Egyptians, 
the Chinese, and the Persians, have each been accused of vanity in 
ascribing great antiquity to their several nations. The Chinese 
wish to pass themselves off as the oldest nation in existence. The 
Egyptians boasted to the Gre<3ks that in their ancient writings they* 
had accounts of events which happened forty-eight thousand years 
before, and the Babylonians also maintained that they had actual 
observations of astronomical phenomena made many thousands of 
years before. Calistlienes sent home to his uncle, Ai*istotle, copies 
of their observations, w hich were reported to have been made during 
the 19 centuries before that time (circ. 360 B.C.) ^ 
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iN*ow, all these were populous nations in times during* which I heir 
history is regarded as autheiitie, and long periods must have elapsed 
in Prehistoric times before tliese people could have multiplied in 
population to the si>:e they A^ere when historians give first accounts 
of them. The apparent exaggeration in the descriptions which 
these nations give of t]ieii\ ancestors must ho partly ascribed to 
romantic tales and traditions connected with such ancestors, mixed, 
in transmission, with events whicJi actually happened. 

One cause of the secuning oxaggeratioli in chi’onology of remote 
times may have boenonr misapjm'hcnsion of the different meanings 
ascribed to the tonn “ y(*nr.’’ modtu'ii bhivopean nations it conveys 
only one meaning. AVhat is tennod a civil year was fixed in its pre- 
sent form by Pope Gregory, to remedy the inconveniences experi- 
enced by the varioiiis meanings then a])])lied to the term. But the 
civil year, as we go back in history, was applied to periods of time 
very different from that wliich it defines now, namely, the time which 
the earth takes to cnnplete its tropical revolution about the sun. 
As applied in remoter times, the term year has a less and less 
distinct meaning, until it loses its xireseut character altogether. 
Various periods of time were in use, which historians have inter- 
jireted to signify years, such as our o^vn. Some ancient astronomers 
gave the name of year to the times of revolution of each of the 
planets. Thus, Mars, Jupiter, and Saturn had each their years, 
cmisisting of the number of days they severally required to complete 
a revolution. The moon had its period of 30 days, and we read of 
different countries, in which the jieople have had a method of 
reckoning time, in periods of the moon, of two, three, or foni 
months, being a much easier method than by the Solar year when 
gi^at accuracy was not deemed necessary. This, of course, arose 
from the visible changes in its disc, from the day when it was not 
seen (at conjunction with the sun), to the day when it had a full 
kound disc (in opposition to the sun) ; but in the Solar period of a 
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year the day of the Ix^pniiiii" could not bo distinguished from other 
days. 

The o(.*cui)ation of the peojde in countries where they were em- 
ployed cultivating the ground or tending their flocks, suggested 
shorter periods than a year in reckoning the time for preparing the 
soil, for ])lanting and sowing seed, for i^ising and harvesting crops, 
and for the time also when their domestic animals brought forth 
their young; all of which had some connection with a division of 
the year into three, and again into four, and sometimes into six 
seasons. 

The ancient meaning of the word “ ye^,r ’’ would appear to be exceed- 
ingly ambiguous. Costard, in his “ Rise of Astronomy,'' remarks 
that it w as employed to denote any r(»volution of the celestial bodies, 
Solar, Lunar, or Planetary. In more recent periods it was applied 
to the apparent annual revolution of the sun. But, previously, the 
term has been ap])lied to various' periods of time. Thus, Plutarch, 
in the Life of Numa and Pliny, Lib. 7 Cap. 48, asserts that the 
Egyptian year was really a month, and, again, that four months was 
also used as the length of a year, which may probably have had its 
origin in an ancient division of the year into three seasons, a custom 
common to the Egyptians, the Greeks, and the Hindus. The Hindus, 
with a division of three — the dry, the rainy, and the cold — had also 
a division of six seasons in the year. It is argued that, as the 
Egyptians, so the Hindus, might anciently have computed by 
periods of two or of four months. Hence the exaggeration in their 
chronology. 

It is further sug*gc&ted that the Children of Israel, during their 
captivity in Egypt and long afterwards, may have followed the 
Egyptians in this mode of reckoning the length of the year; and 
that the supposed exaggeration of the patriarchal lives may have 
been r(»clvoned by years of this kind, which would bring them down 
to the ordinary length of \ the lives of men of the present age. 

So, also, the 48,000 years during which the Egyptians said they 
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had records* reckoned by years of Lunar periods, may have been 
only 4,000 of our years. 

We may speak witli a greater dtigrce of certainty of events that 
have happened in times when the meaning of the year approximated 
oven nearly to that A\hich is given to it in these days; but it is 
impossible to form a conject‘'|ve rc^garding the absolute period when 
events are said to have occurred if we do not know the meaning to 
be applied to the word “ year."* 

Of tlie great antiquity, however, not only of the Hindu nation, 
but of Indian astront niy generally, the first evidence was aft'orded 
to European insrestigators by ^e publication of certain astronomical 
tables, in the “ Memoirs of the Academy of Sciences,” in 1087, 
winch w’ere bi'onght from Siam by JM. Le Loubere, of tlie French 
Embassy, and subsequently examined and explained by the cele- 
brated Cassini. These wore, and are, knowm as the ^‘Tables of Siam,” 
Two other sets of tables were afterwards received from French 
missionaries then in India. These are called the ^‘Tables of (liris- 


According to Pliny the Chaldeans boasted that they had a regular 
s(jries of astronomical ohsorvations engraved upon bricks for tlm space 
of 720 thousand years, but it was aft(U' wards proved by Dr. Jackson, in 
a long series (;f (piotatioixs, that this calculation by years sliould have 
boon days, and that Abydenus, who copied tlio public ro(*()rds kept at 
Babylon, impro]'»orly interpreted tlio word Joinin'— signifying days -in 
the sense of years; which iiiterprotatioii that term, as 'well as tluj TIohrow 
word Jamin, will also boai’J’— 2)r. Jachsonh Ckroyiohgij, Antiq, Voh 

jp. 200. 

AocorOiiig to Diodorus Siculus, lib. I., and Varro, quoted by Lactantius 
(do Origine Evroris, lib. 2— sec. 12), the Egyptians in the most early 
days computed time by a lunar year of 30 days. 

According to Pompon i us the Egyptians boasted that during the 
immense period of the existence of their empire the stars had four 
times changed their course, and that the sun had sot twice in the 
quarter in which he now rises, 

Queby : Did the inventors of this fable coast round Africa, sailing 
down the Bed 8ea and enter the mouth again and sail up the Nile ? 
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, naboiiram and Narsapiir ” ; but they renifiined unnoticed till the 
return of the Fronch nstrononior, Ijc Gentil, who had been in India 
for the purpose of ol^serving the Transit of Venus in 1769. .During 
Lis stay ther(% ho oio ployed himself in acquiring a knowledge of 
Indian astronomy, being instructed by the Brahmins of Tirvalore 
in the m "thod used by them in calciilf|®^’ng eclipses; and they coin- 
nninioal'^d to him their tables and rules, which were published by 
Lf* Gentil as the “Tables of Tirvalore/’ in the ]\[emoirs of the 
Academy of 1772. 

, It is, however, to anotluv Frenchman, M. Bailly, the author of 
; Traite do T Astronomic Indicnne,’’ flat wc owe the full discussion 
jreoarding the antiquity of the fonr tables above referred to, to wdiicL 
he devoted an entire volume. 

Professor Playfair made an elaborate investigation of Bailly’s 
\v('rk, and presented it to the Royal Society of Edinburgh, in a long 
paper, which wan published in their transactions in 1790. 

In introducing the subject, he says: — ‘‘The fact is that, not- 
withstanding the most profound revspect for the learning and 
ahibtii^s of the author of ^Astronomic Indienne,^ I entered on the 
study of that work not without a portion of the scepticism which 
whatever is new and extraordinary ought to excite, and set about 
vtrifving the calculations and examining the reasons in it, with 
the most scrupulous attention. The result was an entire conviction 
of tlie one, and of the solidity of the other.^^ 

By ehiborate calculations, founded upon the best modern tables 
of the time (those of Lacaille and Mayer) and by going back to the 
epoch of the tables of Tirvalore, which was midnight between the 
17th and ISth February, 3102 B.O. (at which time the sun was 
entering the Moveable Zodiac, and was in Long. 10 signs 6 degrees), 
ami by computing backwards the places of each of the bodies (the 
sun and the moon), an exact agreement was found to exist between 
such places at the epoch mentioned and the places given by the 
tables of Tirvalore, 
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The general conclnsions estahlished fi*om a comparison of these 
calculations were as follow : — 

I. — That ihe observations on whi(‘h the astronomy of India is 
founded were “ made more than three thousand years before the 
Cliristian Era, and, in particular, the places of the sun and moon 
were determined by actual observation.’’ 

1 II. — That, ‘‘ though th^ astronomy of the Bralmiins is so 
I ancient in its origin, it contains many rides and tables that are 
of later construction.” 

III. — That ‘'the basis ot the four systems of astronomical 
tabh^s, which have been exainined, is evidently llie same.” 

JV. — ’riiat ‘‘the construc\an' of these tables implies a great 
knowledge of geometry, arithmetic, and even of the theonjtical 
parts of astronomy.” 

The opinion of Bailly, however, that a general conjiinetion of the 
sun, moon, and planets at the time stated (dlO‘2 B.( ^), was known 
to the Hindus from actual obs(’rvations was much controverted at 
the end uf the last century. 

That there was an approach to sucli a (‘onjunction was generally 
admitted, yet it was only an approach. 

CoiLsequently, an argument against Bailly’s ojiinion was advanced 
to the effect that the epoch of dlO‘3 B.C. was adopted by the 
Hindus at a comparatively recent daOs only from calculation. For 
*a further discussion in respect to this controversy, the reader is 
referred to Appendix I. 

It may be here mentioned that, in the course of Bailly’s investiga- 
tion of the tables from Chrisnaboiiram, he had observed in the correc- 
tion given in these tables, for finding the true place of a planet from 
the mean, "that the magnitude of it was applied with no small 
exactness, and that ic. varied in different points of the orbit by a 
law which approached very nearly to the truth.” What, then, was 
the method employed by the Hindus in making their calculation 
of the correction? 
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Cassini had previously fotind that the equation in which this 
)ccnrre(l* -which, with us, goes by the name of ‘‘the equation of 
he ceiitie’ folhAved the ratio of the sines of the mean distance 
rom the apogee, but it was calculated only for a few points in the 
ables of vSiain, and it could not be ascertained with wliat degree of 
u‘(‘ina(*y the law was fully ihserved. hrom the tables of Ohrisna- 
aouraim however, Ihiilly found that ll^^hnv was luairly ob.served, but 
u)ly nearly. On, this he ccUiehided that this Uw of llie sines was 
M>t tlu‘ (m(‘ wliich was followed or intended to he followed in the 
aleiilation. 

Playfair, then, endeavoured to reconcile these irregnlarities with 
\ theory of his own. He as^-umedifi double eccentricity for the 
arbjt, and from this hypothesis he deduced a formula, which agreed 
veil with the corrccticns given in the tables. 

Now, in the snhsecpient parts of this work an (‘iideavour is made 
‘:o show that Playfair’s assumption was not the real hypothesis, but 
that, unlike the h;pi(‘ycles of Ptolemy, the Indian Epicycles had a 
vaiiahle circumference, that of the first Epieyde being largOvSt at 
Apogee and Perigee, varying from those points through the 
defenmt to its places at the quadrants, where its circumferences 
were least. 

In tlie cases of Mercury, Venus, and Mars there was the same 
kind of variation, hut in those of Jnjnter and Saturn the greatest 
circumference was at 00 degrees from the line of Apsides, 

Wltatever may bo th(» timth as to the origin of the interesting 
tabh's which have given rise to .so much discussion, it is certain 
that the ancient Hindu astronomers, many centuries before tbe 
Cbristian Era, were in possession of knowledge, derived from obser- 
vations made by them of the motions of the heavenly bodies, wliich 
they were able to use, and did actually use, in vei'y accurate compu- 
tations of time. It is also abundantly clear ixota writings of the 
Hindu astronomers of later date, which refer io those earlier astrono-* 
mers and their traditioned observations, that the latter were well 
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\ acquainted with, the nature of the phenomenon of the precession of 
jthe Equinoctial point, and in their coinpntatioirs, arrived at its 
‘ annual rate with a considerable degree of accuracy. 

Of course, the Hindus, as wo ourselves, were compelled to assume 
some epoch at which the million of a heavenly body might be sup- 
posed to begin. The opinio pressed by Ijajdacc that the epoch 
, of the Kali Yuga (310? IhC ) \vas lUTCiited for the piir]>ose of giving 
a common origin to all the motions of the planets in the Zodiac, is 
no doubt very true; be I the fiegiiming ,of the Kali Yuga would 
appear to he only one (»f several (qtoclis, at which, according to the 
Hindu astronomy, tluar eon junction of the sun, the moon, 

; -V.-v 

and the planets. 

For instance, the Hindus had e<>ttain assumed epoclis, carrying 
tlie mind back to dates wbeti the licavenly bodies rrere supposed to 
be in conjunction, and IVom whence tlieir motions wortj presumed 
to commence~in short, to the period of creation — and oven beyond 
vsuch a period, e./;., to the beginning of a day of Brahma, wdiich 
day they called a Kalpa. Even this Kalpa was onlj^ a part of 
Brahma's life. 

The Kalpa was a period of 4,320,000,000 years. One-thousandth 
part of this was the Maha Yuga, or Great- Y'^uga. 

'I'he Maha-Y uga again was further .subdivided and made up of 
^ the Kali, theDwapara, the Trita, and the Krita Yugas, thus:- — 

The Kali Y'ugn (one-tenth of Maha-Yugn). . -- 432,000 

„ Dwapara (twice the Kali) . . . . 864,000 

„ Trita (thrice the Kali) 1,296,000 

„ Krita (four times the Kali) . . . . 1,728,000 

The Maha-Y'^uga == Sum . . , . = 4,320,000 

^ M Kalpa ^ 4,320,000,000 years. 

^ At each of those commencing epochs Hindu astronomers con- 
^ sidered that the mo\"eable celestial bodies were in conjunction. 

Thus, it will be seen that any one of the above epochs might be 

Used for the purpose of computing the mean places of each ; and as 

2 > 2 



36 


Hindu Astronomy, 


the Kali, the smallest period of all, was just as useful as the others 
for this purpose, it alone was generally used, and was, as before 
shown, su])])o^ed to begin at midnight between the 17th and 18tli 
Felnuary, f‘U()2 11. C5. So tluit this epoch is one of great importance 
in considering problems aifecting Hindu astronomy as well as ques- 
tions relating to their civil time. 

The Kal])a and its subdivisions, although ap])earing at the finst 
blush so ponderous and ridiculous, will be shown in a subsequent 
part of this work to have been really useful in computations of 
various astronomical problems for the purpose* of reducing errors to 
a minimum and of ensuring aceurac^.* In short, the Hindus used 
the*^o great assumed periods mucli in the sann^ way as we use 
dtcimal fractions to (dglit or nine ])laccs uduni expressing elements 
relating to tin* ])laneis (the decimal ‘system not being then known), 

A (lifterenco of o])inioii existed among the more amuent astrono- 
mers as to whether their calculations ought to begin from the 
beginning of Ilrahina’s life or the beginniug of a Kal])ii; and it is 
suggested in the Surva Siddhanta that the mid of the Krita Yuga is 
a convenient epotdi, from wliieh to compute easily the terrestrial 
days, and to find the mean pla(*os of the planets.- -thus : — 

^‘For at Ihe end of tliis Krita Yuga, the mean places of all the 
planets, except their nodes and apogees, coincide with each other 
in the first point of IVIesha [or Stellar Aries], then the jdace of the 
moon’s ajK'uee is ibne signs, her ascending node is six signs, and 
the places of the other slow-moving apogees and nodes, whose 
revolutions are mentioned before, are not without degrees they 
may have some degrees of longitude]/^ 

It was deemed by writers in other Siddhantas that any epoch 
deduced from the rules, if it agreed with the observed position of 
the planet, might bo assumed. Davis says that modern Hindu 
nstrononiers do not go further back than to some assigned date of 
the Raca (A.D. 78), when, having determined the planets’ places 
for that time, they compute the mean places for any other time by 
means of tables, etc. 



CHAPTER nt. 


THE HINDU ECLIPTIC. 

In tlxe astronomical systems ol nearly all Eastern nations there 
existed, at the earlitis^l. historical dates, an intelligent grasp of the 
apparent motions oi the sum and the moon, in their respective paths 
in the Celestial Sphere, as thest* were, with the religious 

observances of the Hindus and dtiun- nations, not only did their 

i t w'’ \ 

periodic revolutions give rise to construction of calendars, but 
when those heavenly bodies or the planets were eclipsed or occultated, 
' such ]‘heiiomena undoabte(l|| originated important calculations as 
to the periods of their recurrence. 

Hence, even in atiti-historic times, the nature of the Ecliptic was 
, well understood, and, at the earliest known periods, Asiatic astrono- 
mers, as has been suggested in a jirevious chapter, divided the 
Eelij)tic and the Zodiac into 28 parts, forming so many groups of 
stars in the path of the moon, each division corresponding nearly 
with the space of the moon’s daily motion through them. The 
groups were hence called the Lunar Asterisms. 

The systems of most Eastern countries generally resembled each 
other in formation, differing only in minor particulars, such as the 
extent of each constellation, the number of stars included in it, or 
as to xvhich w’as regruded the principal star of the cluster. 

A comparison of the system of Lunar Asterisms existing in the 
astronomy of Eastern countries with those of AVestern nations has, 
to some extent, been diseuwssed in (diapter I., and it is not intended 
to follow the various writers who have made this comparison tho 
subject of discussion, except in so far as they may refer to the Hindu 
system. 

At some later period than that of the Hindu Aryan migration, 
and yet antecedent to any historical record, the Hindu astronomers 
I improved upon their system of Lunar Asterisms, by reducing the 
number of divisions of the Ecliptic from 28 to 27, and by 
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looking them all equal to one another, so that each should extend 
over 13" 20' or 800 minutes of arc on the Ecliptic, by which 
means the oi nstellations were made to aj^ree more nearly with the 
moon^s mean daily motion. As the actual time for a mean sidereal 
revolution in days, 27 was the nearest whole number of days 

suitable for the division of the l^elipti^ Moreover, it was a more 
conveniejit number than 28, for calcuKion, in reducing all their 
observations to a syst( Jii. 

The Hindus, unlike tin* ancient Chinese, had not the ambition of 
maiving a catalogue of all the stars which were visible to them. 
They liacl a more important object hy^yiew, namely, the study of 
the niotions oi the sun, the moon, ^ and the planets, and other 
aFt]'onomical phenomena, ])rimarily for the purpose of computing 
time, and of constiucting and j)erf( 3 Cting their calendars. Suen an 
object, they know, could not be materially advanced bj^ ascertaining 
merely the positions of stars fixed beyond, or outside the CMiurse of 
the moving celestial bodies; and they accoi’dingly confined their 
attention to those stars which lay in the moon’s path, iuiiiiediately 
I^crth or South of the EcJi])tic — stais which are liable to bo 
occultated by the moon, or which might oc'casionally be in conjunc- 
tion with it and with the planets. 

Hy thus confining attention to the stellar spaces in the vicinity 
of the Ecliptic, their system was rendered, in the main, independent 
of the use of astroiKunical instruments, and de])endent mostly on 
calculation for the accuracy of their observations. 

Hence the ancient Hindu astronomers chose a vset of 27 principal 
stars, one for each of the 27 Lunar Constellations, in general the 
brightest star of tht3 Asterisra, and called it Yoga-tara, whilst the 
Asterism cluster was named the Naeshatra. The Yoga-tara was 
connected with the beginning, or first point, on the Ecliptic of the 
division representing' the space of the A.sterism by the small arc ef 
apparent difference of longitude between them, this arc being called 
the Lhoga of the Asterism. 
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Thus, the 27 divisions of the Ecliptic became as fixed in position 
as the stars tlieniMdvevS, like a great fixed dial, with the numbers 
ranging, not along the Equator, but along the Ecliptic itself. 



cx])licitly con\ey die nature ol the Hindu Ecliptic, which is here 
sh<u\ n, as a great circle in perspective. 


Each division represents cue twenty-seventh part of the Ecliptic, 
and each star the Yoga-tara of the Nacsliatra, or Jniuar Asteiisii), 
to Avhich it belongs. 

It will be observed that the Yoga-tara might bo either in the 
Northern or the >Soiithern Hemispliere, and the stars selected were 
those most suitable for observeation, either on the Ecliptic or near it, 
North or Siiffth, but always su<*]i as were capable of being uccultatcd 
by the moon or of being in conjuu(‘tion with it or with the planets. 

To render this important part of Indian astronomy still more 
easily understood, the two accompanying Plates, V, and VI., are 
intended as a graphic, representation of the Hindu Ecliptic, and of 
the Lunar Asterisms, together with the Solar signs of the Hindu 
Zodiac, the position of each being fixed by a supposed projection of 
tile Yoga-tara on the plane of the Ecliptic, the Northern stai's, wnth 
their modern names, on one side of the plane, and the Southern 
stars on the other, the divisions retaining the same names in each 
Hemisphere* 
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Ill additioti to the Yoga-taras, or principal stars, the Siddhantas 
give the names and places of a few other stars, among the most 
important of them ])eing the Southern stars, Agastya, or CanopUvS, 
and Lubdaca (the Hunter) or Sirius, and the Northern stars 
Bramehridya or Capella, and Agni or ^ Tauri, Prajapati ^ Aurigse* 

Of the few stars wliich were close Ecliptic, and most suit- 

able as points of I'eferonce, Magha, mshya, Revati, and Sataraka 
(or, respectively, Kegulus, <' Cancri, wPiscium, and ^ Aquarii) are 
reemn mended as most to be preferred for planets whovse longitudes 
are re(iiiired, or any star of Cliitra (as « Virginis) having very 
inconsiderable latitude, when the plaint, having also nearly the same 
latitude, appears to touch the star. ^ The stars at a greater distance 
fnuu the Ecdiptic would only occasionally be in conjunction with 
the planets or be occulta ted by the moon, giving their own fixed 
longi hides and latitudes to the moveable bodies with which they 
w'ore for tlie moment coinciding. By a little previous caJculation 
regarding the stars with which particular planets and the moon 
Avcsuld be in conjunction, th<» times of octnirrence were easily ascer- 
tained, and, xvith care, even by unaided vision, ordinary observations 
of a lair degree of accuracy would be obtained. 


The Asterisms are described in three stanzas of the Rebnamala; 
they are : — 


Tiunar Constellation figured by 

1 . Aswini — A horse’s head, 

2. Bharani— Yoni or bliaga. 

3. Gritica— A razor. 

4. Eohini — A wheel carriage. 

5. Mrigasiras — The head of an 

antelope* 

6. Ardra— Agem. 

7. Punarvasu — A house. 

8. Pushy a — An arrow. 

9. Aslesha — A w^heel. 

10. Magha — Another house, 

1 1 . Purva Phalguni — A bedstead. 

12. TJttara Phalguni — Another 

bedstead. 

13. Hasta— Ahand. 

14. Ohitra — A pearl. 

16. Swati*^ A piece of coral. 

16. Visaeha — A festoon of leaves. 


Lunar CouHtollation figured by 

17. Annradlia — An oblation to the 

gods. Cfc 

18. Jyeshtha— A rich ear-ring. 

19. Mula — The tail of a fierce lion, 

20. Purvashadlia—A coucli* 

21. Uttarashadha — The tooth of a 

wanton elephant, near which 
is til e kernel of thesringataca 
nut, 

22. Sravana — ^The three-footed step 

of Yislmu. 

23. Dhanishta — A tabor, 

24. ’Satabhisha — A circular jewel. 

25. Puxwa Bhadrapada — A two^ 

faced image. 

26. XJttarabhadrapada — Another 

couch. 

27 . Bevati — A smaller sort of tabor. 
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The symbols by which the Indian Nacshatras were represented, as 
given by Sir William Jones, are sliown in tlie acoonipanviiig plate. 
[Plate VIP] 

In pxirsuit of bis cnquiiy regarding the particular stars which 
gave names to the Indian divisiojiis of the Zodiac, Colcbrooko formed 
a list, founded upon tbr se|||rid Indian works of astronomy, the 
Surya and Brahma Sid(ili<in^Rd:he »Siddhanta Siromani, the Graha- 
lagava, and the Siddlu*i»ta • jbhaaiua. in which the apparent 
latitudes and longitude .s of W( principal stars of eardi of the 27 
constellations were laid downinth a. greater or less degree of accu- 
racy. In this list the mofleri^^ ‘tcf n given of that star uhicli is 
supposed to be identical with ibe \ t ^./a-tara. of each Asterism, and 
as agreeing most iieuily, in [)Osiii»'U, with that wliieh is generally 
assigned , to it in the Siddhanlas. 

Bentley gave a similar list in liis '‘Hindu Astronomy,” and 
anotlier one is given in Burgess's translatio]i of the Surya Sid<l]ianta. 

The aceompanying table is taken ])rincipally from Ooh^brooke. 
whose orthography l«as been retained, being the same as that of Sir 
AV. Jones and Davis. The number of stars com[)rised in each small 
group are those given by tlie Hindu astionomer, Sripati, but they 
are far from being all that were known of those constituting the 
Lunar M a n dons . 

The a])pnrent latitudes and longitinles are those deduced from the 
Bhogas of the Sinya Siddhanta, a e.on*esponding list from 
Brahmegupta being gi\en by Bhascara, in which tlie latitudes and 
longitudes of the Yoga-taras differ in five of them, t]i(‘ diherenco in 
longitude being P, S’", S'", 2^", and respectively. 

^rhese differences may have been partly owing to mistakes in 
the selection of the stars intended as the Yoga-taras, and partly to 
the greater difficulty of observing stars that were at a great distance 
from the Ecliptic. Thus, such stars as Vega, the principal star oi 
Abhijit, and Arcturus, the bright star of Bootes, being so far 
removed from the paths of the sun, the moon, and the planets, would 
be seldom objects for observation. 
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The stars selected for fixing the points of division of the Ecliptic 
are apparently those best adapted for marking out the path of the 
moon in the Ixeavens. 



At certain times of the year the beautiful clear Indian sky, visible 
all round from the house-tops, as a gioat hemisphere, is peculiarly 
favourable for astronomical observations ; and the ancient astrono- 
njer, seated on his chunam terrace in the pleasant cool evenings, had 


The Orthograiliy of the names cf the Astcrisms is tbesame as in each of the three list* given by Sir W. Jones, Colebrooke and Davies. 
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little need of astronomical instruments while patiently watching the 
moon and the planets in tlieir course through the Zodiacal stars. 

TIjo welhknown Voga-taras among iixed stars, and whicli the 
planets pass on their ^vay, fornji so in any im movable point s, and like 
milestones on a road, fuuiidt him with his means of observation. 
The relative times of p.i sing siodi points suggested methods ol 
caleuhition sonu'whal ffl iho^ employed by ourselves, in 

solving simple fjues.tions, instance, as the determination 

of the time when two haudsi® a clock in conjunction will be 
together again after any numbeWof revolutions of either of them, or 
when we seek for the synotUi' MTiods of the planets, the times of 
now and full moon, and oihcr jTOblems of a like nature, data for 
the solution of which wcot* well known in India many centuries 
before they were known ui Europe; such prohieius formed the 
constant subject matter of the algebra of the Hindus, as contained 
ill their astronomical ivovks of the first centuries of the (Uiristian 
Era. 

Again, there are certain phenomena wliich occur regularly, near 
the Ecliptic, too remarkable not to have beeti observed by such 
patient observers as the Hindu astronomers. 

For example, if we consider the facts relating to eclipses of stars 
by the moon in her couj-se, the moon's node has a jctjograde motion 
of about mins, of arc daily, and in her progress she passes oi or all 
&tars situated on the Ecliptic, and a star such as lie gains, whose 
latitude is only 27| mins, of arc, must aUvays be eclipsed when it is 
passed by the moon in her node. »Such, also, would lie the case 
with other stars on, or near, tin* Ecliptic. Moreover, these [)he- 
iiomena ivould be rciieaU'd continually in sidereal i>eriods of 18^ 
years. 

Ihe Surya Siddhanta makes tlie sidc^i’eal pca’iod of the moon’s 
node 1)794,443 mean Solar days, wheieas, accoi’ding to our modern 
astronomy, it is 6793*39108 days. 

It is tipon the pos-itionof the moon's node at the time of conjuuc* 
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tion or opposition of the sun and moon, that a Solar or Lunar 
eclipse depends ; end if these bodies and the earth are all three in 
one straight line, an eclipse must happen, and the same eclipse 
will return in Go85.78 days, on in 18 years and lO or 11 days, 
according as five or four leap-years occur during that time. Or in 
18 Julian years 11 days 7 hours 4^mimites. 

sai(5C observations apply tojBl othei* ('clipses which happen 
when the moon is near her node, ffl|hin what are called the Lunar 
Ecliptic Limits, These all retnrnWter periods of the same length, 
so that a complete list of eclipsei that occur in one such period 
will be sufficient for forming a li^^xtending over several centuries, 
either past or future. 

The Hindus wer(‘ at a very early date well acquainted with these 
factvS 1 ‘elating to eclipses. They had rules for calculation of the 
various phases both of Lunar and Solar eclipses, the times of 
beginning, middle, and end, as set forth in theii various astrono- 
mical w\)rks, but they depended chiefly on those of the Surya 
Siddhanta. 

Amongst the siiptrstitious of all ancient nations we find that 
eclipses of the sun and moon had a terrible import, being supposed 
to presage dreadful events. 

By the common people of the Homans, as also by the Hindus, 
a great noivse was usually set up with brazen instruments, and loud 
shouts during eclipses of the moon. The Chinese, like the Hindus, 
supposed ecli])ses to be occasioned by great dragons on the point 
of devouring tlie sun and moon, and it was thought by the ignorant 
that the monsters, teiTifled ))y the noise of the drums and brass 
vessels, let go their prey. 

The cause.*, liowever, of eclipses, notwithstanding the superstition 
of the people generally, was well understood by the Hindu astrono- 
mers, as is shown by the following extracts taken from the Siddhanta 
Siromani ; — 

‘^The moon, moving like a cloud in a lower sphere, overtakes the 
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sun, lieiire it orivses that tho* AVestern side of the sun's disc is first 
obscured, and that the I^asteni side is the dost part relieved from 
the moon’s dark hod\ ; and to some pla<‘os 'the sun is ecliji^ed, and 
to others he is not eclipsed.’*— (SidaihtMUa Siromani, ch. viii., par, 1). 

At the change of the moon, it often happens that an observer 
placed at the centre of the earth, would find the sun, when far from 
the Zenith, obscured by the iiAveiiiiijl body of the moon; whilst 
another ohservor on the earth will not, at the same 

time, find him to be so oh<vx\n^WA% t%e moon wa‘11 ap])ear to him to 
be dejiresscd from the line of vWum extending from his eye to the 
sun. Hence arises the a(‘cessitj for the correction of parallax in 
celestial longitude, and paralla^in latitude in Solar eclipses, in 
consequence of the dilV(‘rcn(*(' ol the dbtances of the sun and moon, 
(id., par. 2) . 

‘^Wlien the sun and moon are in o^pitosition, the earth's shadow 
envelopes the moon in darkm^ss. As the moon is actually enveloped 
in daadeness its eclipse is equally seen by every one on the earth’s 
surface, and as the earth’s shadow and the moon which enters it are 
at the same distance from tiie (^aT'tli, there is, therefore, no call for 
the correction of the parallax iu a Lunar eclipse, (id., par. 3). 

‘^As tlie moon moving eastward eut(u*s the dark sliadow of the 
earth, therefore its Itastevn side is first of all involved in obscurity, 
and its AVesteni is the last jioition of its disc which emerges from 
darkness, as it advances in its course, (id., par. 4). 

“ As the sun is a body of vast .size, and the earth insignificantly 
small in comparison, the shadow made by the sun fiom the earth is, 
thendin’i',! of a conical fonn, terminating in a shaip point. It 
extends to a distance considcTahly beyond that of the moon’s orbit, 
(id., par. 5). 

> ‘'The length of tlie earth’s shadow and its breadth at the part 
traversed by the moon may be easily found by proportion. 
^ (id., par. fi).” 

A similar explanation is given in the Surya SiddJianta, but 
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tlie subject (){ eclipses was of a nature too saeied to be treated lightly 
ov coiinmiiu<n\(ed iikdiseritninately, and a warning is delivered in 
tlie (Siirya Siddhanta to this effect: — (Oli, Maya) this science 
s(‘cret even to the Gods is not to be given to anybody but to the well- 
examined puj)il wlio has attended one ^vhole year/’ 

The Lunar Astiwisins, (‘ontained in the divisions of the Indian 
ludiptic, necessarily follow each omu’ in the order of their prin- 
ri])nl stais, und, as in every other some point was necessarily 

selected npo]i tlu^ l^]cli])tic to niaiWythe beginning of the system. 
The point at the present time marwfng such beginning was not the 
one which, in the ancient Hi ndiji astronomy, was taken as the 
beginning. The fixing of the lim jioint of the Indian Zodiac so 
as to make it iinelianged in after time is (*haracterised os w remark- 
able event in the Tnod('ni Hindu astronomy, and, indeed, in this 
fixture is contained one of the fundamental differences between the 
Hindu and thiropean systems. In the European astronomy, all 
longitudes are measured by arcs of the Ecliptic, whose origin is the 
Equinoctial point at the time of observation. This point, tlie origin 
of onr longitudes, moves backwards along the Ecliptic at an annual 
ral e of about 50 " causing an annual increase of the same amount in the 
longitudes of all the stai-s, and this movement is in oui‘ phraseology 
termed the precession of the Equinoctial point. Thus, in our system, 
the origin of longitudes is j)erpetually changing. The Indian 
astronomers, howevc'r, avoid the annual change of longitudes 
by assuming a fixed jioint of the Ecliptic as the beginning of their 
system, the position of the Lunar Asterisms being all fixed in 
relation to that beginning. Not that they were ignorant of the 
precession. Indeed, the Hindu astronomers were, at a very early 
date, well acquainted with that phenomenon. It may here be 
desirable, perhaps, to state for the benefit of the general reader, 
what is understood by “ the precession.” 

In the figure let C represent the centre of the earth, A v D B the 
Ecliptic, IT and Poles, E Y R Q the Equator, and P P ' its 
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Poles. A straight line, P C P will then represent the axis, about 
which the celestial bodies ap])ear to revolve daily, from East to 
West, but about which the earth actually rotates from West to 
East, causing the apparent jwulntion of the stars. Let a great 
circle, f" ’t' p' Pe supposed \o pass through the four Poles; this 
circle is called tl^e Solsiitinl Colm c; it bisects botli the Ecliptic and 



of the Ec1i]>ti(*, !ueet-s the- (Vlestial Sphere in the two points (or 
Aries) arid (or Libra). The angle hetwe^en the two jlaues, 
measured by the angle A V Jii oi tlu* arc A K, is called the Oblicpiity, 
and is equal to the angle 0 P, or the arc P. TLiis Ohliquity is 
now about 23° 27 being formerly nearly 24 . 

Let the small circle ^ r q he supposed to represent the Arctic 
Circle of the Celestial Sphere; then, on account of the apparent 
motion of the Sphere about the axis C P, the point ^ (the l^olc 
of the Ecliptic) appears to move daily round the Pole P (the Pole of 
the Equator) in the circle q r the apparent motion being 
caused by the rotatioxi of the earth round its axis. J'he point 
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ns far as is loiowii is a fixed point among tlie fixed stars, but the 
point P, ihe Pole of the Equator, though it seems to be fixed, near 
to the star Ursne Minoris (thence called the Pole Star) is, in fact, 
moving slowly frcuii it with an imperceptible motion, in the small 
circle P c a, a circle which is parallel to the Kcliptic at a distance 
from ^ of 23 ' 27 ‘ nearly. To complete a revolution in this circle 
al)out P’s progress occu)>ies nearlw^5,780 years. 

Duringtlie sameperiod the line of i^i^rsection of the Ecliptic 'it' C — 
and its two extre mities, the EqiiinoR^il points, and the two points 
A and B, where the Solstitial (\)hnv\ leets the plane of the Ecliptic, 
are all moving sk>wly in that plni^," and severally complete one 
whole revolution, at the rate of annually. This movement is 
called the precession i 

TSiow, just as it has' been of the greatest imj)ortance in the observa- 
tions of modern astronomers to ascertain with th(‘ utmost exactitude 
the rate of the preccw^siou of the Equinoxes (a practical problem 
de])eTi(ling for it.', sclution upon th(‘ accuiraey of observations made 
al long iiit(‘rvals, the (unJier observations being partly vitiated by 
the im])erfections of astroiKunic.al instruments), so it was an impor- 
tant problem with the aiu-icnr Hindu astronoine)‘s to ascertain the 
same rate of regression, but they calculated with the aid of what we 
call the Solstiliiil Oolnve. The jnoblem is tlie same .is with om- 
selves, for the Solstices being at 90 degrees from the Equinoxes, 
the motions must obviously be uniformly the same, and it is only a 
matter affecting the convenience of the fhserver which method lie 
will adopt. 

It is distinctly stated by the commentators of the Surya 
Siddhanta (perhaps the most important extant astronomical work 
in the possession of the Hindus) that the apparent latitudes and 
longitudes of the stars given in it are adapted to that particular 
time when the A'ei nal Equinox did not differ from the origin of the 
Ecliptic in the beginning of Mesha. The origin here referred to 
is tlie fixed beginning point on the Ecliptic of the 12 Indian Signs 
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of the Zodiae, and it is also the beginning of the 27 Nacshatras, or 
the first point in Aswini. [See Plates V. and VI.] 

It has been further ascertained that the origin referred to is a 
point of the Ecliptic ten , East of the star Revati, (or ^ 

Piscium). 


If, then, as undoubtedly the ch<»e, the origin (or conuu.nice' 
inent), for present coinputatifcj, on the Hindu Ecliptic, was fixed 
at the first point of Aswvui, if®^f importance to ascertain the date 
when this fistnr*, or (hangt'| took place; because all 
ancient Bindu astronondcal deli s ate, in a measure, dependent for 

^ i' > 

their accuraev on a kneaded >♦* it. 


As will presently appeati' the dale i'A a comparatively recent otic, 
but, nevertheless, when established, li atVords a means of tracing 
earlier dates, which, wilhout it, t oidd not readily bi^ authenticated. 

Several methods, then, have been employed for the purpose of 
ascertaining the period wlien the first ])()int in Aswini was, in Hindu 
astronomy, established as their origin of apparent longitudes ; thus : 

(1) According to a statement of the celebrated Indian astrono- 
mer, Bralmiagupta (a^ well as of other astronomers), the star 
Revati (or ^ Ihscium) had no longitude or latitude in his time, 
^hicli implies that it was tlun in the Equinoctial point. 

To calcAilate the date at which this occiu'red, i.e., the time when 
• Brahmagupta lived, ColebrookefouiidfromZacV stables the right 
ascension of the stars in A.D. 1800, to be lo' 49' 15'' and the 


precession in Right Ascension being reckoned at 46 ' 63 from 
this, as from a mean value, he estimated’ that the elapsed time 
for the regression of the Equinoctial point from its position when 
it ' coincided with the star ^ Piscium, and its position in 
1800 A.D., ivoulcl amount to 1221 years, which, taken from 1800, 
gave 679 A.B. as the date of Brahmagupta’s assertion, and, 
approximately, the date when the first point of the Asterism 
Aswini was made the origin of Indian longitudes* 

j; 
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(2) Bentley, from a comparison of the longitude of Regulus, 
as recorded by Indian astronomers, witli the longitude of the 
same star as given in the tables of the British Catalogue of ITOO, 
and computing udth a mean rate of regression in longitude of 
48*5Gf)t)'', and allowing a secular variation of 2*27" for every 
eentiUT (being the diminisbing rate as we go back into antiquity), 
estimated the date wlien the Tmiinoctial point and tbe be- 
sriuning of Aswini were f‘oincidei^Po be 588 A.l). 

(8) Again, in a note* to an art®' (J,, 27) of Burgess’s trans- 
lation of the iSmya Siddhauta, it M stated that tb(‘ star llevati is 
idemtified by all autliorities as ^\e star 'C Piscium, of which 
longitude at ])r('sent (A.l). 3858) as reckoned by us from the 
Vernal Equinox, i.s 17‘" 54 ^ Alaking due allowance for the pre- 
cession, we find that it coincided in position with tbe A^eriial 
Equinox, not far from the middle of the (>th century, or 
A 1). 570.” 

This estimate of the date was evidently calculated with a re- 
aressiou in longitude of the Equinoctial point at a mean annual 
rate of 50", and the date found is no doubt a close approximation, 
and may be aeeeiied as sufficient in tbe absence of a knowledge 
of tbe secular variation, which might [)roduce a diffei*enee of 
some yeai'S, when reckoning baedavards through so many 
centuries. 

(4) AVe have also another calculation by Colebrooke for the age 
in which Brahmagupta lived, deduced from the position of vSpica 
A^irginis as given by that Indian astronomer, namely, apparent 
longitude, from which was deduced 182^ 45 ' Right Ascension at his 
time* In 1800 A*D. the actual Right Ascension was 198° 40' 2 " 
(Zach's tables), the difference of the 'two positions of the Equinox 
in Right Ascension being 150° 55' 2'^, indicated a lapse of time 
of 1216 years, the mean annual precession in Right Ascension 
being reckoned at 47^ 14"* This elapsed time subtracted from 
1800, gives us tlie date of Brahmagupta^s observation as 684 A*D. 
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The mean of the two calculations by Colobrooke ])liic(\s it between 
581 and 582 A.D., which is a siilHcient approximation to the time 
when, the Equinox coincided vvitli tlu* beginning of Aswini, and 
us a verification B^ilhtnaguptn’s stuteineiit relating to the 
position of Spica yirgitus, for ifc may Inive happeneil at some 
period of his life. 

It may- however, be me^ioue<| that, among other estimates of 
the date when the origin Indian longitudes was nnxde coin- 

cid«mt with the beginning (^fAsnini, is tliat of Bailly, who, in In's 
cxaminaiion of the tables bilughi fVom India, deduced the time as 
40D AJ>., and in tliis <ipinio||^Sir W, Jones would appear to liaxe 
coincided. 

On the other hand tine Indian astronomers of E jjaini, who were 
consulted by Dr. Hunter on the stibject. gave 550 Sa(*a or 028-9 A.D. 
as the date of Brahmagputa, which is not improbable, if he lived 45 
yeai's after tlu'date assigned by ( -olebroohe. 

The difference* in tliese various (estimates is to be (iccounted for 
by the very slow motion of the Equinoctial ])oint. which is almost 
inappieciable in the lifetime of a man, without a v(uw careful 
measurement, being less than 4' in a century. 

It may, therefore, be safely assumed that tin* epoch wlu'ti tlie 
origin of the Indian longitudes was made to coincide with the 
beginning of the Lunar Asterism Aswini, and of Mesha. the first of 
the 12 Indian signs of the Zodiu(\ was almut 570 A.]). 

To enable the reader not only to more fully understand thivS 
important feature in the Hindu system, but also to follow the atgu- 
ment which nearly all the Sanscrit scliolars at the end of tlie last 
century employed, in tracing and establishing the authenticity of 
dates, as deteimined by the position of the Colures, tin; accompany- 
itig Plate VIII. is annexed. On it have been placed jiartial radial 
lines from die Pole of the Ecli]>tic to the points of division, which 
are at the commencement of several of the Naeshatvas, Ciittica, 

Bharani, Aswini, etc., showing the direction of the Equinoctial 
£ 2 
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Colure when each of these points, in succession, became the Equi- 
noctial point, and the dates of the same, on the supposition that the 
mean rate of precession in longitude was 60'’ (neglecting the small 
secular variation). 

The corresponding partial lines through the Solstices, which are 
at right angles to these radii, have also been inserted, showing 
corr(*spoiiding dates. The motion of this radial line is so slow that 
it occupies DbO years to ])ass from poiijjfi^ j)()int through each of the 
21 divisions of the h](;]ij)tic, and when^pis line is referred to in the 
ancient Hindu writings, either as at Me Equinoctial ])oint or at a 
given distancB from it, smh reference affords evidence of the 
a])])roxiniate date of such writings, as avcII as of tlic observation 
alludiKl to in tbean. 

It was the oi>iniou of lanwly ail who have studit^d tlie subject (rfir 
W. Joir's, ^ olebrooke, Davis, Bentley, and others) that the lime 
w'lien tlu' Equinoctial point was in (hittic'a, and for some centuries 
atuM vards, wa-^ a period niarlud by considerable activity and jiro 
gress in the (mltivation of Hindu astronomy. Our rt>al information 
regarding sxi(‘b astronomy, resting; upon unquestionable evidence, 
does iiiot, however, go much o«arlier than tin’s date. What, then, 
v/as such date, i.e,, when the first point in Oiittica 'was coincident 
with the Equinox? 

Colebrooke, in bis researches concerning the principal stars which 
give names to the Naohatras, uhon describing the Asterism (Vittica, 
refers to it as being, **now the third, but formerly the first 
ISacshatra ; that it consists of six stars, the principal one, accord- 
ing to the Surya 8iddliauta, having a longitude of 37^ 30\ or, 
according to Siddhanta Siromani and Grahalaghavu, 37® 28' to 
38®, and he considered the bright star in the Pleiades, which has a 
longitude of 40® from I Piscium to be the principal star of the 
Asterism.* 

» _ 

^ The Critticas are feaid to be six nymphs, who nursed Scanda the Ood 
of War, and he was named from these, his foster mothers, Carticeya. 
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AVhon t]je Tcnial Equinox uas in the first point of Oittica, 
wlioso lonoitnde innn iJie be^mniii^ of Aswiiii (the «?nbsoquont 
origin of Indian loiigitiules), ih the same as the space ol two 
Asterisms, or 26" 40', the Roiubeiu Solstice was then at a point of 
3" 20^ in Dhanishtba (see Plates V., VI. and VIIL). Colebrooke, 
referring to Dhanishtlia, that to determine the position of 
this Nacslmtra is iinpoilaiu j^as the Solstitial Colure, according to the 
ancient astroiiomers, ))fts^e*V^roiigh the extremity of it, and through 
the middle of Asles-h.i 

Eentley, so s(e])tic{ I cd)OU|tiie authors to whom the Hindus attri- 
bute their Siddhaniah, and ^h > c**n trover ted, with mueli industry, 
the opinions of Colebro(>ke uiuhng the dales of ParasaiM, Aryal)- 
hatta, Vavah-Mihha, Dhatlopalt and other Hindu astronomers, is 
(iitiiely in ni»ieeni ‘Ut with Colebiooke as to the iinpoitance ol 
ascertannng the jiuiod nhen the Southern Solstice was in 
Dhani^htha He finds evidence regaiding this date in the fact that 
the Equinoctial Colui’c then passed (hrongh tlte middle point of 
Visakha, thus bisecting it, tvoin which circumstance he says it 
derives its nain(‘. lliis Cohne, llnough the middle ot \i^akha, 
would necessarily also pass thiougli the fiist point of Ciittjca, ivKieli 
vould then he the jdact* of the V<4iial Etjuiiiox. 

'I’o tiiid the date N^hen this o(»<nined, lie cal(‘uhit(»s the dilt(‘ieiice 
ot jirecession, by leferenco to Cor-ljconi^, whose longitude from the 
first of Crittioa is, according to all Hindu astronomers, 102’ 20' 
{i.e , reckoned from tlie first ol Aswini). (kmipaiing this with the 
longitude ot the same star from tlie Equinox of 1750 AJ)., as given 
in the British Catalogue of that date, vi/:., 140^^ 21', he thus finds 
that the Equinoxes had fallen hack in the iiiteival through an aic 
of 4r l\ 

Then, to find the niinibei of vears corresponding with this 
regression, he calculates that the mean rate of regression was 

23' 6.4" for each century, allowing tlie secular vaiiation to be 
2.27" (by which the precession is supposed to diminish each century), 
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and the time for the whole regression through an arc of 44® 1' would 
be 317() years. If from this the date of the Catalogue be subtracted, 
there remains, according to such calculation, 142G B.C., for the date 
whcn the Yeriial I^(ininox coiiicid(*cl with the first point of Crittica. 

This date ditVcjrs by only 76 years fioin that which is obtained bj^ 
supposing the, mean rate of regression to be 50", from the first point 
of Crittica to the first point of Aswini (through an arc of 20^^ 40'), 
and supposing the Ecpiinox to have ^^pieided with the first of 
Aswini in 570 A.l). We arriv'e, thon.w this a])proxima1e date of 
14?G IhC. (or 1350 ]h('.. according to Kie most recent estimate of 
the ratt‘ of regression) as one of the eaiiu/st which can be ascertained 
of any authentic facts relating to the Indian Eeli])tic, a date in 
referem'e to which tlie earlier Hindu astronomers made their calcu- 
lations. 

In confirmation of the dat(‘ given by him, Bentley urges that the 
ancient astrjuomers feigned the birth of four of the planets, from 
tlie unuui of tk<‘ datighter of Daksha and the moon ; the observations 
are su])posed to be occullations by the moon, which occurred nearly 
at the same time in tlie Lunar Mansions, from wliicli, as mothers, 
the plaii'^ts re<i(‘ived tin ir nainovS. Thus Mercury, Yenus, Mars, and 
Jupiter were resp(?etivcly called Roliineya, Maghabhu, AsLadha- 
bhava, and Purvajdialgunibhava, the fatlier, Soma (or the moon), 
being present at the birth of each, the times of their occiiltations 
being: for Mercury, 17tli April, 1424 B.C. ; Jupiter, 23rd April, 
1424 B.C* ; Mars, 19th August, 1424 B.C., and Venus, 19tli August, 
1426 B.C* ; all witliin the space of IG months. 

Saturn, not then discovered, was feigned to be born afterwards, 
from the shadow of the earth in an eclipse of the sun, and hence 
colled Chyasuta, the Offspring of the Shadow. 

Bentley was also of opinion that the Lunar Asterisms were formed 
about the time when the Equinoctial point coincided with the first 
point of Crittica, or between the years 1528 B.C* and 1371 B.C. 
lie finds evidence for his opinions from a statement in the Vedas, 
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wliieh is mentioned also in gllior books, where we are informed that 
in the first paat of the ' ^ita Yn^ a (tliis being divided into four 
part«i), the daughters of J)aksha were born, and that of these he gave 
twentwseveii <o the moon; or, laying aside all allegory, the twenty- 
seven Asterisms were formed in the first part of the Trita Yuga. 
j One of the first steps in this astronomical method of verifying 
I dates, by refcr uiees to the rega t'S'^ion of the Solstice, or Equinox, was 
made hy Mr. S. Davi,-, ^vho|^nmuuicated to Sir William Jones a 
; passage from the Vaiahl Sitlffta, of which the following is, on the 
authority of Sir Willii>ut, a ^’ilujiidously literal translation : — 

^ ‘'Certainly the Southern ^oKtice was once in the middle of 
Aslesha, the Northern in the first degree of Dluniishtliu, hv what is 
rcc(>rded in former Sa^itras. At prtNcnt one Solstice is in the first 
degi'ee of C-arcata, and tJic <jt]ier in tin? first of Macara; that which 
is recorded not appearing, a <duing<* must have happened, and the 
proof arises from ocular demoijsiraiitm: that is, by observing the 
remote object and its marks, at the rising or vselting of the sun, or 
by the marks in a large graduated circle of the shadow’s ingi css and 
egress. The sun, hy turning back without having reached Macara, 
destroys the Soiitli and the West ; by turning bjick without having 
reached Carcata, the North and East. By returning when lie has 
ju«t passcMl th(‘ summer Solstitial ])oint, he makes wealth secure and 
grain abundant, since he moves thus according to Nature; but the 
sun, by moving uiniatiirally, excites terror.’’ 

In this ])assagc, Vai aha is ex])laining to some one that a change 
must have taken place in the position of the Solstitial Colure, wdiicli 
in Ins time passed tluough the two points of the Ecliptic, the first 
degree of Carcata, or the Hindu sign of the Crab, and tlie first 
degree of Macara, Oir the Sea Monster; but that in the age of a 
certain Muni, or ancient philo'^oplier, the Solstitial Colui’e passed 
through the beginning of the Asterism Dhanishtha and the middle 
of the Asterism Aslesha. He is aware of the change, but he does 
not give an opinion regarding the rate of the motion, which, by 
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observation, would have been inappreciable in the lifetime of a man 
(being only little more than (1-J degrees in 100 years). He gives, 
however, as a fact, the position of this Colure, which was observed 
in his time. 

The reader will easily understand the argument which Varaha 
employs in his proof, by noticing the points of his own horizon at 
which the sun rises and sets at different times of the year. On the 
2Jst .Vlfirch it rises in the East poin^^nd sets in the West, being 
then in the first point of Aries, tl>e be^aning of its path tlu’ough the 
jnodern Ecliptic. It is seen aftciwiuxjFto rise and set at points more 
and more towards the North, as mayj^e observed by noticing it rise 
and set, behind marks, such as a tiee, fl\e spire of a church, or other 
objects, until, on the 21st June, it has reached a point of the horizon 
at which in rising it seems to slop its Northward course, and after- 
guards to go back towards the East point. In the interval of this 
Northern progress at rising, tlie sun has advanced in its path 
through throe signs of the Ecliptic, and is now at the Solstice, at 
ils greatest Northern declination, and the beginning of the niodeim 
sign of Cancer, when its Northern motion ceases. Then a Southern 
motion begins. There is, in fact, an apparent oscillation from 
North to vSouth, within the /one of the Solar Zodiac, of the rising 
and setting points, or, in Hindu phraseology, when the sun has 
reached a certain point of its course, it begins to turn back from the 
North.’’ The apprehension of danger from the turning back South- 
ward before the sun has reached the calculated point of his path, is, 
of course, a figment of the astrologers. Sir W. Jones explains that 
he “ may have adopted it solely as a religious tenet on the authority 
of Garga, a piiest of eminent sanctity, who expresses the same wild 
notion in a couplet, of which the following is a translation: — 

** ' When the sun returns, not having reached Dhanishtha in the 
Northern Solstice, or not having reached Aslesha in the Southern, 
then let a man feel gxeat apprehension of danger,’ ” 

It may be inferred from the use which Varaha makes of the Lunar 
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Mansions when describing the position of the Cohire in the time of 
the Ancient Aluni referred to, and the use he makes of the Solar 
division of signs, when explaining the position of the Colure of his 
own time, that the liunar division of the Ecliptic was not in such 
general use as the Solar division in the time of Varaha. On the 
other hand, the Lunar divisions are teptatedly made use of by their 
names in the ancient ctnle, the institutes of Menu, in which only 
one of the signs appears to We been mentioned (where it is said 
that “ the Sun in the sign oi oir tlie Virgin must be shunned/ ) 



CHAPTER IV. 


HINDU MONTHS AND SEASONS. 

The principal method of measuring time, employed by ancient 
nations, was by stated revolutions of the sun, the moon, and the 
seasons. The appau nt diuinal inotioiivS of the sun, the moon, and 
the stars were obvi(.ns to all mankind, and a primitive discovery, 
no doubt, Avas that all the fixed one and the same uniform 

period in their apparent diurnal motMi ; but to measiue the absolute 
Icngtlis of eaeli a])paiTnt ])eriod wasm ])roblem not easy of solution, 
and a still more difficult ]>voblem^as that of reconciling unequal 
days, witli months of unequal length, nhose periods were reckoned 
from one new moon to the next, or fimn one ooi^jiinetion Avith the 
snn to the next. 

The difficulties experienced by the Hiudns in adjusting their 
calendar, in Avhicli errors wevo so liable to spiing up and increase, 
occasioned repeated changes of their system. At one ])criod the 
motion of the moon Avas taken as its foundation, and the lunar 
iDcmth Avas formed to agree' with the phases of the moon. Then a 
change took place, and a solar niontli Avas formed, constituted so 
as to be reckoned by the time tlie sun, in its progress, remained in 
each sign of tlie Solar Zodiac. Another change folloAved, efforts 
being made to reconcile the two previous systems, in which, each * 
kind of month preserved its original character, rhe solar month being 
reckoned in ordinary civil days, and the lunar months measured 
by titliis or lunar days, each being one-thirtieth part of a synodic 
period, the time elapsing between two conjunctions of the sun and 
the moon. The result of these efforts Avas the formation of the 
luiii-solar year, reckoned either in civil days or in tithis, 

Eron\ the statement of Colebrooke,* it would appear that to each 
Veda was annexed a treatise having the title of ^‘Jyotish,” an 


^ AsaySf Vol. J., page 106, 
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aj^tronomical work, vlxich explains the adjustment of the calendai 
for the purpose of fixing thu p]‘oper periods prescribed for ihe pei - 
formance of religiotis duties. 

In the treatises which lie examined, a cycle, (Yuga) of live years 
only was employi^d. The month is lunar, but at the end and in 
the middle of the quinr[uennial period an intercalation is admitted 
by doubling one month. Accqrdiugiy. the cycle comprises three 
common lunar years, raui two^diio.h contain thirteen Innations 
each. The year is diAdded intoWix seasons, and each month into 
half months, A coinj'detq Innatlm is measured hy dO lunar days, 
some of whudi, of course, uinst^^ altiunate months be sunk, to 
make tlie dates agree with the Nyciitiioiv\era, for rvliicdi purpose tlu' 
sixty-second day appears to be <ledncted, and thus the cycle of live 
yerits consists of 1860 lunar daj"s or 1880 Nyc^hthemera, subject to 
further correction. The Zodiac is divided into 27 Asterisms, or 
signs, the first of wliich, both in the Jyotisli and in the Vedas, is 
Crittica or the Pleiades.* 

“The measure of a day bj 30 hours, and that of an hour by 
00 minutes are explained.'' 

The rule upon which the method of intercalating a month, here 
implied, will be understood from a corresponding rule of the 
Siddhama sSnoniani, according to which it may be deduced that 
in^33.53551 lunar months there are 32.53413 solar months. 

To make tlio latter months lunar, a month will liavc to be added 
after 32 solar montlis, or after 2 years 8 months, and again, two 
months added after 5 years and four months, 

Prom this it is obvious that a cycle of five years was too short 
for making the intercalation, a very much longer cyclic period 
being required; so that an exact number of lunar months shall 


^ It has been already explained that the data when the Equinox wa^-- ' 
at the first point of Orittica Avas about 1 4 centuries before the begmiung 
ot‘ the Christian o^'a, V 
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coincide witli an exact number of solar months, and so that only a 
small fraction of a year or no fraction at all shall remain. 

The rule in the Vedas for subtracting the sixty-second (lay is not 
quite so correct as that of Bhascara, who says that the , subtractive 
day occurs in lunar days (tithis). 

It is a characteristic of the Hindu astronomy, distinguishing it 
' from that of Ptolemy, that its rules are expressed rather in an 
analytical form than synthcticaL the problems and theorems of 
gec.metry being put most!}" in algMraical or arithmetical language. 
AVhat we call the Pythagorean tlfiorem assumes a variety of alge- 
Inaical forms, giving solutions in ^itegers ; but the subject of Hindu 
algebra will be hereafter described at somewhat greater length, and 
reasons given for believing it to be aniochilionous, and that the 
Arabs from whom we received it obtained it from the Hindus. 

Colebrooke further makes the following important remarks: — 
“ This ancient Hindu calendar, corresponding in its divisions of 
time, and in the assigned origin of the Ecliptic, is evidently the 
foiindation of that which, after successive corrections, is now re- 
ceived by the Hindus throughout India. 

“ Ihe progress of these coirections may be traced from the cycle 
of five to one of 60 lunar years, which is noticed in many popular 
treatises on the calendar, and in the commentary of the Jyotish, and 
thence to one of 60 years of Jupiter, and finally to the greater 
astronomical period of 12,000 years of the Gods, and a hundred 
years of Brahma,”* 

The arrangement of the 12 Hindu months, as they now stand 
(see Plate IX.) has, at different times been made the subject of 
diligent enquiry. 


^ It has been before remarked that the cycle of 60 years was the sosos 
of the Chaldeans, in use by them, according to Berosus the Chaldean 
Hi6rarch, of the time of Alexander, from the most ancient times, In China 
the annals of their monarch s have been recorded in cycles of 60 years, 
going back as far as 2300 B.O. 
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in his ^^Hinthi iVstroixotny/’ states that the months were 
formed about the year 1181 B.(\, when the snii and moon were in 
3 onjunction at tlie Winter Solstice, and that, with reference to this 
epoch, the Hindu astronomers liad ilicn made many improvements 
in their system, and, among- other discoveries, they found that the 
Colures had fallen back through an arc of 3*^ 20' from their former 
position in 1425 B.C., when the Winter ^So1stiee was in 20' of 
'Dhanishtha, but now (llSj IVC.) it \n\,> at the beginning of that 
constellation, and the Vernal was n< a point 10"^ of the 

Constellation Bharani. M 

He finther statOvS that the Tjumii, Asferisms wdiich began with a 
month wane called wiv(-s of the sim, oh hough ihej^ had been all 
before allegorically iriarried to the moon. The commencement of 
the year with the montli Aswina, according to Bentley, was, of all 
others, the most celebrated. 

“I)nrga,* the year personified in a female form, and Goddess of 
Tfature, was then feigned to sjmng into existence. In the year 
1181 B.O. the first of Aswini coincided xvith the ninth day of the 
moon ; and on that day her festival was celebrated with the utmost 
pom]) and grandeur. Iji the year 945 B.O. some further observa- 
tions weie made, by 'svhich they determined that in 247 years and 
one month the Solstice fell back 3'^ 20' in respect of tlu^ lixed 
stars. In consequence of these observations, they threw back the 
epoch of the commencement of the year, with Aswina, in 1181, to 
the year 1192 B.C., in which year the commencement of Aswina 
fell on the sixth day of the moon ; and the Doorga festival was ever 
after made to commence with the sixth lunar day of Aswina/^ 

As a confirmation of the date of this epoch, Bentley, by a rather 
complicated method, calculated that the 12 months of the year 
w'ete then formed and named. They were established from the 

^ See Plate IXa, which is a photug-rapliic representation of the 
marriage of this goddess, taken from an exhibition mythological 
figures, held at Dacca about the year 1860. 
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tropical revolutions of tlie b\m^ and feigned by tlie Hindu poets to 
liave been born as tlie offsprings of the union of the moon and the 
Lunar Asterisius, in which the moon was supjiosecl to be full at the 
time. 

Th(^ n;inu‘ of the solar month was derived from the Asterism in 
whii'h the birtl) oeci.ned, and this being at the full moon, the sun 


would bo in 

Plato TX.) 

tlio AstiTism diametrically ojiposite. Thus: — (See 

Month. 

L. ABteriMiTL 

m >1 

Mlj Month. 

n. Asterism. 

Magha . . 

Maghn . 

Lravana 

Sravana. 

Phalguna 

Uttara-Piuilgiiui. 

Ijlhadra 

Purva-Bhadrapada . 

Chaitra . . 

Chitra. ^ 

rAsvvina 

Aswini. 

Vaisakha 

Visakha. 

Kartika 

Critika. 

Jyaishtha 

Jveshtha. 

Margasirsli'i 

Miagasiras. 

Ashara . . 

Purva Asliadha. 

Pausha 

Piisli va. 


The adjustment of the months to the Naeshatras may have been 
as hejv stated by Bentley, but the names of tlumi must have been 
in use long before, for tlie montbs are fre([ueutly mentioned in the 
Instituti'S of Menu, in eonm elion with the times when ceremonies, 
or pj'esci ibed duties, slioiild be performed. A few examples are 
here extrieted from that remarkahh* code, which every learned 
Brahmin is enjoined to study Avith extreme care, and to explain 
fully to his diselplcs, but which no man of an inferior class was 
permitted to teach. 

‘^On the days of the conjunction and opposition let 1dm (the 
fatlier of a family) constantly make those oblations which are 
hallowed by the GaV'atri, and those Avhioh avert misfortune; but 
on the eighth and ninth lunar days of the three dark fortnights at 
the end of Agrahayan^ (Margasirsha) let him always do reve»'enee 
to the Manes of Ancestors. 

*^‘In the Month of Aswina let him (the father of a family of the 
third or fourth orders) cast away the food of sages, which he before 
had laid up, and liis vesture, then become old, and his herbs and 
roots, the sun in the sign of Canya (the Virgin) must be shunned* 
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Flatk IXa. 



Biva receiving hia consort from the hands of Kama Deva, 

Photographed from one of the scene® of Hindu Mythology wltich \ver(j exhihitod 
in a public spectacle in Dacca about the year 1869. 

The fable is supposed to have an allegorical meaning, Siva is a jjorsouifi cation of 
time, and Durga is ono of many rei^resontations of the Ecliptic?. 

This union considered necessary for the welfare of the universe. 


>f\UUIAGE OF M'A AND 1)1 KOA. 
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‘‘Ilnving duly perlonned the Upcarma (or domestic ceremony 
with sacred fire) at the full moon of Sravaria or of Bhadra^ let the 
Brahmin fully exert his intellectual po\s"ers, and read Vedas during 
four months and one fortnight. 

Under the Lunar Asterism of Fushya^ or on the first day of 
the bright lialf of Mar/a^ and in tlie first part of the day, let Idm 
perform out of the town the ceremony Utserga of tlu' Vedas. 

*‘At the close of the seasoit^'let him perform the rite called 
Adhvara; at the Solstices let h||li sacrifice cattle; at tlie end of tln^ 
year, let liis oblations he ma'dew|h the juice of the moon plant. 

‘^Not having offered grain f<*r®he harvest, nor cattle at the time 
of the Solstices, 1(4 no Brahmin wito keeps liallowed firr^ and wishes 
for long life taste rice or flesh* 

‘‘Important duties ar(‘ to he performed on some fortunate day 
of the moon at a lucky hour, and under the influence of a star with 
good qualities. 

“The Shraddha, tht* act oi due honour to departed souls, on the 
dark day of the moon, is famed by the name oE Pitrya oi* Ancestral, 

“The most a])j)roved lunar days for sacred obsequies are the 
tenth and so forth, except the fourteenth, in the dark half of the 
mouii, 

“ On even lunar days, he \ylio do(\s lionour to the manes, and 
under t?ven hinar stations (i.c., constellations), enjoys all his desires. 
On odd lunar days and undta- odd Lunar Asterisms, he procures an 
illustrious race. 

As the dark half of the moon surpasses the hiight lialf for the 
celebratii'U of ohsequios, so the bright half of the day surpasses for 
the same j)urpose the dark lifjf of it. 

^^The dark lunar day destroys the spiritual teacher, the fourteenth 
destroys the learner, the eighth and the day of the full moon destroy 
all remeiahrance of Seriptrire, for wdiich reason he must avoid 
reading on those days* 

On the dark night of the moon, and on the eighth on the night 
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of tile full moon, and on the fourteenth, let a Brahmin who keeps 
hou?'e ho continuall} chaste as a student in theology. 

'^When a king begins his inaich against the domains of his foe, 
let him adviuice gradually in the following manner against the 
hostile metropolis ‘. 1 — 

Let him set out on his expedition in the fair month of Mar-- 
(jitslrshay or about the mouth of Phalguna and according to 

the number of his forces, that he may find autumnal or vernal 
mops in the country invaded by hi:ift 

On liis march, let him form hirfWops either like a staff, or in 
eA'en ooliinin like u vain, or in a f fridge with the apex foremost; 
like a hoar, or in a ibomb with vile van and roar narrow and the 
centre broad and like a marcara or sea monster.” 

From those extracts it may be itiforred that before the time when 
tb.at anm’ent comjiendium (the Institutes of Menu) was composed 
or compiled, the names of the months were widely luiown, that they 
were then oonneeted with the Lunar Asterisms, and with the estab- 
lished lunar synodic ])criod, and that a long unmeasured anterior 
pei'ind must have elapsed before such a system could have become 
so uni vei sally known and established. 

In the Institutes of Menu the 27 Tmnar Asterisms are called the 
daughters of Daesha, and the consorts of Soma, or the moom It 
may also he inferred from the extract, “the sun in the sign of 
Caiiya (Le., the Virgin) is to be shunned,” that the Solar Zodiac of 
12 signs, though knovm, was not sanctioned, and all references are 
made to the Lunar Astevisjiis. 

It is probable that the astronomers of the Onhodox Brahmins, 
who had brought with thenj the ‘system of or the improved 
system of 27, Lunar Mansions, were a sect of astronomers, separate 
from those who adopted the Solar Zodiac as the foundation on 
which their astroncuny was constructed, and there may have been 
jealousy between the leaders of the sects, causing the Solar Zodiac 
to be shunned by one of them. It. was also probably owing to this 
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division aiiionjjst tLeni that the iiionarclis by wlionv they wer<' 
respectively patronised were distinguished as the Solar and Lunar 
races, who ruled India eoniernporain^oiisly in the early ages,’*^ 

Tn a deserij>tion of the Hindu lunar year given by Sir W. Jones 
in Volume IV. of his works, lie says: — “The lunar year of 300 
days (i,e., 12 mojiths, each of 30 days) is apparently more ancient 
that! the solar, and began, as ntay infer from a verse in the 
Matsya, with the month of Aswiria, so called because the month was 
at tlie full when that name w^Amposed in the first Lunar Station 
of the Hindu Etdiptic, the of which, being diametrically 


1 


* The difficulties experienced by Hindu Astronomers in the division of 
time and in the formation of their calendar, caused principally tlwough 
the erratic motions of the moon, by which all nations must at fii\st have 
measured thoir time, a method which still subsists among Mahomed an 
nations and among the Cliinese, wore equally felt among Europoaii 
nations. For instance in the time of Julius Cfosar, it was oidained 
among tho Homans, that the month slenild be reckoned from the eoiirso 
of the sun and not of the moon. Tho ancient solar year had consisted 
of 12 montlis each of 30 days. Altogether, daj^s; an addition of five 
days had been made, making it 365 days, but Uie tropical year exceeded 
this by nearly a quarter of a day, and a day was inten^alated every 
fourth year, making that year to consist of 306 days ; the year thus 
corrected, called the Julian year, was found in tho lapse of time to he a 
little in excess ; in tho course of about 130 years, it amounted to a whole 
day, and in the course of about 24,000 years the seasons would bo so 
changed that tho calendar woxild I'eprosoiit IMidsummer to happen in 
December. At tho Council of Nice, held in 325 A.D., the Vernal 
Equinox was fixed to hapixm on tho 21st March ; in the time of Julius 
Cmsar it had been observed to take place on the 25th March. In 1582 
A.D., tho error in the calendar amounted to 10 days, and the Vernal 
Equinox was found to happen on ilio llth March instead of the 2l8t 
March. In that year a change was effected ; the 10 days in excess wore 
taken from tho month of October, the 5th day being called the 15th, 
thus bringing back the Vernal Equinox to the 21st March. 

To prevent tho rocurrenco of a similar error in the future, Pope 
Gregory XIII, effected a change and it was ordained that in Catholic 
countries the day beginning the century should be an ordinary year of 365 
days, but that beginning the fourth contuiy should be a leap year. But 
r 
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oppcsite the bright stor Chitra (Ke., Spieu), may be asexM'taiiied in 
onr spliore witli exactiievSS.” 

Sir W. Jom^s also says that there is evidence ot' a still earlier 
arrantieia^^iit of tlie months Avlien the year was made to begin with 
the montli Ihnislia, near tlu* Winter Solstice, wdieiiee the month 
Margasirsha has the name Agrahayana, or *^the year is next 
before/’ 

“Ihe twelve nu nth'^ now denominated from as many stations of 
the moon seem to have been forn^ly ])eciiliar to the lunar yi'ur; 
for the old solar moiitlis, begjftnilig with Chaitra, have the 
following very didVrimt names ini curious text of the Veda on tlie 
order of tlie six seasons : — J®iidhee, Madhava, Sacra, Suchi> 
Nablias, Nabbasya, Isa, IJrja, Sahas, Sahasya, Ta})a'»*, Tajiasya.’* 

The lunar montli has a diifei'ent beginning in different parts of 
India. In llengal it begins at tlie full moon or Pnrnima — the 
midnight of the Pitiris or Ane(‘siors, who reside' on the under part 
of the moon, lly a kind of analogy, us the day of the Pitris was 
divided into two ])arts, by their midday and midnight, when tlie 
moon was in o])])osition or e()niiiiu*tion, so the month was divided 
into nvo jiarts, the Iniglit half and tin' dark half, oi*, as they are 
culled, the Sukla Paksha and Krishna Paksha, I'aeh ]nirt or paksha 
consisting of 10 lunar days or tithis. Hie tithi is defim'd in the 

this correction, adopted by a statute 24, Ueo. IL, c. 23, in 1752, called tjie 
new stylo, Dr Playfair, ohsorvoKS, is not tlio most correct, for the 
ro'ormers made use of the Copeniican year of 365 daj^s 5 hours 49 minutes 
20 seconds: instead tlnuc forc of inserting 97 days in 400 years they ought 
to have added 4l days in 169 years, or 90 days in 371 years, or 131 days 
days in 540 y(^ars, &c. 

More recent observations have d(‘tei mined the tropiijal }oar to bo 
365 da 3 s 5 hours 48 minuteH 45 s conds 30'". and the intercalations 
ought to be — 

Tears .. 4 17 33 128 545 673 801 920 1057 

ys 1 4 '“8“ ' i3^’i63“‘r99 '225“256’ 

That is 4 days in 17 years, 8 days in 33 years, 31 in 128 years, 
132 in 515 years, &c. 
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Snrya vSiddhantas as the time taken hy the inooix in describing 12"' 
of the space constituting its separation from the snn. It is, there- 
fore, of tbe synodic pcnfod or lunar month (the time taken for 
a separation of 360 ’ iVom the suii). 

'rho ])hascs of ihe moon arc' called (^aluvS, and they are compared 
to the string’ of a necklace or chaplet, round which are placed gems 
or moveable flowers; the Maha-cala is the day of nearest approacdi 
to the suTt, the day of the ctonjuiictioix. In the almanack it goes 
hy the name of AmavuNVa, on^)vhioh obsequies are performed to 
the manes of the Pitris, or Anchors, to vvliom the darker fortnight 
is peculiarly sacred.* ^ 

According to the Pnraiis (old iSc^*]»t:nn's) the names of the months 
are dcTived frotrn 12 of ilu* Lunar Asierisms. The Puranics sup- 
pose a celestial nymph to preside over each of the 27 constellations, 
and they t'eigu that 12 of these were consorts of the (fod Soma, or 
the mooiu and that he became the father of 12 gemii, or iiU)nths, 
udiich were named aitm* llieiv respective mothers. 

The matlieinatical astronomers, or Jyaiitislueas, however, main- 
tain that their lunar year was arranged by former astronomei’s, the 
moon being at the full in eacli month on llie very day when the 
sun entered tlu' Xa(‘shatni from wd\i(di that Jiionth is denominated. 

* An interesting pussugo from Quint u>s Curtins who, according to 
Niebuhr, lived under Septimus Soverus, appears to sliow tliaf some 
correvt knowledge of the Hindus was known to the Romans of that time. 
Septimus Severus died at York in 211 A.]). It informs us that “the 
Indian mouth consists of 15 days, they indeed compute their time by the 
course of tbe moon, hut not, as most other nations do, wlien that planet 
hath completed her period, but when she begins to contracit her spliere 
into horns, and therefore they must neot'ssarily have shorter moutlis, who 
regulate their time according to this measuro of lunar calculation.*^ — 
Quinti Curtiiy lib, 8, cap, 9. 

Mr. Wilkins, in a note to his translation of the Ilitipadesa, says : — 
“ The Hindus divide the Lunar month into what tliey denominate the 
Sukla-Paksha and the Krishna-Paksha, that is tbe light side and the 
dark side of the moon ; tlie former commencing with the new moon and 
the latter with the full.*^ 

I? 2 
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According to the astronomer Nrisinlia, the solar months were 
originally lunar, their names being derived from the Nacshatras 
ill which the moon, departing from a particular point when they 
wore named, was observed to be at the full; although the full moon 
did not always happtui in those particular Nacshatras, yet the 
deviation never exceeded the preceding or succeeding Nacshati'a, 
and whether it fell in Hasla, Chitra, or Swati, still that month was 
named Chaitra, and so of the rest. 

THE S^SONS. 

The Hindu solar year is divide into six seasons, each consisting 
of })eriods of two months, or u4ilst the sun remains in two signs 
successively. 

Tile ^'ery eold season naaned Sisira, is reckoned from the time 
when the sun is in the AVi liter Solstice, it is followed in order by: 

The Spring named Vasanta. 

Tile Hot Season named Grishina. 

The llainy Season named Varsha. 

The Autumn Season named Sarat. 

The Cold Season named Hemanta. 



CHAPTER V, 


THE mSHIS. 

'fhe reader being now in some measure! acquainted with tlie 
nature of tlie Indian u'ill be able to form a conception of 

the accuracy with wliich ob^^ervatious on the Colures could be 
made by taking as an example oi the most simple and ancient 
methods em])loyed for ascertainSsr iiu* day on which the sun was 
in the Summer Solstice, 

The bright star Regulus, whose lutjgitiide is now about IIS"* 
from the Vernal Equinox, is the |.>niu ipal star of the Indian Ininar 
Asterisrn Slaglia; it was close io the Summer Solstice in the year 
2280 B.O., being only 27' north of it. Consequently, the sun, in 
its annual course through the Ecliptic, would be in the Solstiei* 
when passing the star Regulus, it being then only ^ of a degre^e 
from the sun’s upper limb, (Observations of tlui ludiacal rising of 
Regulus (shortly before or after) would give fairly aecuiate results 
of the place of the Solstice, especially if the observations were 
carried on for many years, and the retrograde motion of tlie Solstice 
must necessarily have been discovered about that time, if, indeed, 
it had not been discewered long befor(‘. The iniportanee always 
attached to the sacred days when the sun was in a Solstice has b(*eji 
before referred to as intimately associated with religious ('eremouies, 
and allusions to a time when the Summer Solstice was in the 
stellation I^eo are conspicuous iu the ancient writings found in 
}nost Eastern countries. It is, however, certain that the lix(‘d star 
Regulus, the princijial one of that cunstellation, marked the posi- 
j;ion of the Summer Solstice in or about the year 2300 B.C-,, and 
then to all nations, the sun would be seen to rise together with thai 
star. 'For the period of 200 years, both before and after that date, 
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tilt: Solstitial point, in its slow motion along the Jicliptic, would 
not 1)0 iiioro disiant tlnin 3'^ from the star, and during these 400 
years, therefore, it woidd be seen to rise at midsiinimer shortly 
befor(M)r after the sun. Hence, IJegulns, under the name of Magiui 
in India, must have been a star of considerable importance, not 
only to tlie Indo-Aryaiis, before they arrived in India, but also to 
all the Asiatic trib(‘s, for, b<dng a fixed ])oiiLt close to the Ecliptic, 
it Avas most convenient to all, as pointing' the sacred days of the 
yt^or, and as affording eslianates of tJie longitndes of the n\oon and 
planets. When a ]danel \Vi)s in (Bnjunetiou with that star, fi*oiii 
this circumstance alone it was knlWn that it had a “ longitude of 
0^ in Magha/' The Solstice in ils x-etrograde movement over the 
9^ would have been at tlie beginning of the Constellation Magha, 
at or about the year WM) ]J.(\ 

Now, at tjiis period, the ancient Hindu astionomers evidently 
assumed ‘‘the beginning of Magha” as a ])oint in the great circle 
of the (‘cdestiaJ sphere passing through the Pole of the Ecliptic, as 
a starting position for the Solstitial Colure, from whioli to reckon its 
letrogrossion, and they called this ‘"’the line of the llishis.’’ This line 
remained fixed whilst the Solstitial Colure continued to retrograde. 

Students of tjlie astronomi<'al widtings of the Hindus l)av(3 been 
more or less puzzhul with certain assert ioirs found in tlunu, relative 
to the alleged motion of the stars, known as “ the Rishis.’’ The 
Hindu coninientators themselves, when Ueating of these supposed 
motions, have apparently tulher not understood the full meaning of 
the astronomers, whose dcvliines they were referring to, or have 
enveloped their own statements in some amount of uncertainty and 
eonfusion. "With u vie^v to (dear up a (question wliieh has occa- 
sioned considerable cemtroversy, it is neces,»arv to briefly examine 
the subject of the llishis, and to otfer an explanation* 

Mystery, indeed, hangs over most of the ancient wTitings of the*" 
Hjndus. Many of their Sciiplures, wdiich w^e believe to be the 
productions of living men, are ascribed by them to the Gods. 
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Tlio real authors of these sacred writings were, no doubt, pioiis 
men who eoneeuled their authorsJnp, oi with luiniility diselaimed 
th(^ merit of tlieir work, an being due to the Supremo Being rather 
than to themselves. To this assumption, their countrymen yielded 
their assent, and tln^y wvre a<*(M)rding*ly deenu'dl to be inspired 
saints. 

These were the Bishis, and ^Mnnis, men gifti‘d above others of 
their race, and devoted to iive^ (d' meditation and contemplation of 
the Deity, and even seeking absorptimi In tin* same spiritual essence'. 
They figure by name soinot 
whilst on eartJi, and atiorvtm 
stellations as single stars in tl 

By the w rd Kislii*, according to tjolebrooke, is generally meant 
tlie inspired wjiler, or the saint of llio text, the person to whom the 
passage was revealed, oi ‘‘tin' author, notwithstanding the assertion 
of tlie Hindus that the Vedas were comjiosed by no liuinau authors.'’ 

ll is a singular fact, says vSir W. I ones, that “in the Sanscrit 
lanonage, Ikhsha nutans a constellation, and also a benr, so that 
Mahaivslui may dcroh* either a great bear or a great Asterism. 

From a ro.it whidi meant ‘MiO shine” tlio Seven (Bisliis) Eikshas or 
shiners rcKieived their name : and to llio same root probably belongs the 
name of the (rolden Bear ; tin; Grecdc <»c'"-roy and Latin Ursa, as the 
Germans gave to tlio Lion Goldfusz ; and thus when tlio epithet had by 
some tribes been eoulined to tlie boar, the seven sliiuers were transfonned 
into seven boars, then into one hoar with Avt^turus for tlioir bearw^ard. 
In India also, the mt'aning of Kiksba was forgotten; but instead of 
referring the word to bears, the people coiifoimdod it with Eishi, wise, 
ainl tlie seven stars or sliiuers b(‘camo the abode of seven sagos or poets. 
The same lot bofol another name for this constellation. They who simko 
of the seven triones laid long forgotten that their fathers spoke of the 
stars astara.s (staras) or strewers of light, and convi'rted the beaiuvard 
into Bootes, the ploughnian : while the Teiitouie nations, unconscious 
that they had retained the old root in their word stern or star, likewisi' 
embodied a false etymology in wagons and wains . — Max Malkr^ Lecinren 
on Lamjuaffes^^ Second Serm VIU.^ Wedminster Review^ Janmnj I860, 
/>. 18 . 


^jnes as Anchorites and Sunyasees 
as still existing, ami<Ist the con- 
ic Velestinl sphere. 
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l^^yptologists maj perhaps dei'ive the Mogas Arctos of the Greete 
from an Indian compound ill understood/' 

The Mcgas Arctos of the Greeks is the well-known constellation 
Ursa il.ijor of the Homans, the Great AVaiii, as it was called in 
everj^ a^e of astronomy, to distinguish it from the lesser AVain, the 
constellation Ursa AJinor. Diodorus Sicxdus informs us that tra- 
vellers tliroTigl) lh(^ sandy jdains of Arabia directed their course by 
the bears, in the same luanuer as navigators guide their vessels at 
sea. 

.Now, in the Iiulian astronomy, seven stars of Ursa Major 
from « to V are called respect ivclvjl^Cratu, Pulaha, Pulastya, Atri, 
Angiras, A^asishtha, and Atari chi ,<Jand these aie th(‘ names of the 
seven sages known collectively as the Tiishis,"' so frequently men- 
tioned in their most anoiont- wintings. 

Vasishtha, according to the Index Anucrainani of the res])ective 
authors of each passage of the Ah'das, was the composer of the 
liymns contained in tin* seventh book of the Big A^eda; Atri of 
tboso in the fifvh; Aiigiras of those in another; ‘Mariehi was the 
fatlier of two other composers of books iif the same A^eda; lie was, 
as tin' name implies, the Great Rishi. Otlnu' (‘omjiostn’S urere Vyasa, 
the son of Parasara, and several descendants of Angivas. 

Til I'se seven stars, denoted hy their Indian names, are shown in 
the positions they occupy with res]iect to the 27 Avsterisms of the 
Indian Zodiac, in ITate X. They have been projected on the sup- 
posed plane of the Equator, in a<?cordaiK;c with the method pre- 
viously described, from tin* latitudes and longitudes given in the 
following extract, from the Bralirna Sicldhanta of Sacalya: — 

‘‘At the commencement of the Tuga, Cratu was near the star 
sacred to A^ishnu (tSvavaiia), at the beginning of the Asterism, 
Three degrees Eavst of him was Pulaha, and Pulastya at ten degrees 
distant from this; Atri followed, at three degrees from the last; 
and Angiras at eight degrees from him; next came Vasishtha, at 
the distance of seven degrees ; and, lastly, Mariehi, at ten. Their 
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motion is eig’lit minutes in a year. Tlieir distances Irorn the 
Ecliptic North were, respectively, 55 ^\ 50^ 50^ 50^ 57"\ 60% and 60^ 
Tor moving in the North the sages employ 2,700 years in revolving 
thiongh the assenihlage of the Asterisms, and hence their positions 
may be easily known at any particular time.^’ 

Now, the" peculiar motio^n ascribed in the Siddhantas and other 
works to these seven fixed stars, the Rishis (which motion has no 
real foundation), has excited a r‘<insidorable amount of discussion. 

Extracts are given by CoUdinn'ke trom the works of no fewer 
than twelve different :llimiu|'»nih<u,s, all of whom wxro of the 
opinion that the Rishis bad luf^tion referred to, and it was 
supposed to occupy tlietn 100 years in their progress from East to 
West over the space allot ted to each .\sterisui along the Ecliptic. 
I'hc supposed motion is not noticed, how'ever, by the Siirya 
Siddhanta or by its commentators. Nrisinba rejects the rule of 
computation given for estliuating the motion as not agreeing with 
the Puranas. Uhascara, according to ^[miiswxira,. omitted thivS 
tcpic, on account of contradictory opinions concerning it, and 
because it is of no great use. 

Miiniswara, in his owm compilation, the Siddhanta Sarvabauma, 
observes that the seven Risliis, are “ not like other stars, attached 
by spikes, to the vSolid ring of the Ecliptic, but revolve, in small 
circles, round the Northern Pole of the Ecliptic.'' 

“Camalacara notices the opinion delivered in the Siddhanta 
Sarvabhauma, but obvserves that no such motion is perceptible, 
remarking, however, that tlie authority of the Puranas, and Sair 
hitas, which aflirm their revolution, is incontrovertible, he recon- 
ciles faith and experience, by saying that the stars themselves are 
fixed; but the seven Risliis are invisible Deities, who perform th(‘ 
stated revolutions in the period specified." 

Regarding this explanation, Oolehrooke drjdy remarks, if Carnal- 
cara’s notion be adopted, no further difficulty remains, but it 
could hardly be supposed that the celebrated astronomei's, Lalla 
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i»nd 'Varalui jMilna, who wwo not mere compilers and transcribers, 
intend(‘d to describe revolutions of invisible being’s, and it can 
scarcely be supposed that they should have exhibited rules of com- 
putation, which did not approach to the truth, at the very period 
when they were ] proposed. 

From the extrac'ts above given, it will be seen that the several 
wntcns refer to a motion which tlu’v themselves evidently did not 
understand, but which they were endeavouring to explain Irom 
traditional doctrine, received fr(un ])revions astronomers, to whom 
tlu' subject was really clear. 

Before, howev(U‘, proceeding lo^he explanation of what was 
mcanr hy the original Hindu astronomers, in regard to this wsup- 
posed motion of the llishis, as rejnesented in the (piotations from 
nu'dern authors of Hindu astronomical works; for the benefit ot 
g(Uieral read(»rs it may be advantageous to give some account of 
tbe tbeory of jiuxb in astronomy relating to tbe same subject. 

For eonvcnien(’(‘ of reference, and to muk(‘ the* subject more easily 
\niderstood by the reader, a modern ina]) (Plate XI.) of the 
Northern Hemisphere is lane given. It is sujiposcd to be a pro- 
jection of the principal stars on the ])lane of the Ecpiator, as that 
])]ane is now situated, the divisions on the circumference reprcwsent- 
ing right ascensions, and the radii being each supposed to hi^ divided 
into 90 etjual parts to n‘-present degrees. 

Now, th(' relative positions of the stars remain constant and 
unchanged, however remote the time may be. 

From this in a]) Plate X. has heem drawn, showing the positions 
of the s(‘ven stars of Hrvsa Major, with their Indian names, and 
coniu’cted with them the unebaugeabh' [losition of the Nacsliutras, 
as nearly as it can be ascertained w'ith certainty. The Pole of the 
Equator **, moving in a contrar\ cliicctiun to the signs of the Zodiac 
round (the Pole of the Ecliptic); the great moveable circle the 
bolstitial Colure, passing through the two l^oles in the course 
of one revolution, must, of course, have been in coincidence with 
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every .star of the C( h'stial Spliere. In 424S B.(;. it was in coin- 
cidence with Mariehi (or n Ursas Majoris), whose longitude fvoin 
the Equinox of 1894 was 175'' 18' 10", then after passing over 
in turn, it was nearly in coincidence with in o.510 iht'., wlien 
the Solstitial point was at the begijining of the li-phalgiiiii. Nine 
hundred and sixt y years later it arrived at I lie beginning of Purva- 
plialguni, and entered the ( 'onstellatioii Magha (at tlie end of it), 
then, after the lapse o\ a iurther period of 900 years, it reac^hed 
th(‘ beginning of that oejistfdlatjuti. 

The Solstitial Coluiv then edtaaded with the fixed unchangeable 
circle, assmnod aiul called iht%ine of the liishis, passing througJi 
that fixed point (the first of M and t1u‘ l\)lc of ihc Kclijdic in 

llu* year 1590 lf(\, and in about years later, or in l?5r> 13. 
leaving the line of tlie IJishi'^' in it^ re( rogi(‘ssiou, it coincided with 
Cratu or « Ursse ]\lajoris. This is an e[)Och before refeired to by 
Davis, Colebraoke and Peiitley, Imt reckoju‘d liy tln*in to have been 
at a little earlier date (see p. 54). 

The longitude of IJrsie Majoris, deduced from the Right 
Ascension tmd Declination, as given in the Alnuuiacs of 1894, is 
133 " 44' 25", and the longitiak' of the first of Magha is 138 23' 20 ', 
this s1h»ws that tlie (kdiiro, Avhen it coincided with Oralu was 
4” 38' 55" from the position whicli it occupied when it coincided 
.with tlie beginning of Magha, the line joining it with the Pole 
.of the EclijJtic — the line wfiich m as technically called by the ancient 
astroiKuners “tlie line of the Rishis.” When the two lines coin- 
cided, it would a])])(*ai‘ that they both went by the same name — the 
one fixed and tlu^ otlier moveable — from which circumstance tlu‘ 
move modeiii Indian astrononnu*s have confounded tln^ lines, and, 
following the one that was moveable, made a supposed moAemcni 
of the stai’s themselves. 

It w^^ll be observed that a line drawn on the figure lr<un the Pole 
of the Ecliptic ^ to the beginning of Magha, lies between " and /G 
which agrees with the statement of the commentator Sridiiara 
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Swami, Next, with regard to the further statement of this writer, 
and of others who were of opinion that this line of the Itishis was 
in motion, and that it remained in each Asterism a hundred years : 

It will be obseiTed that the astronomers of the period between 
the 10th and 14th centuries before the Christian Era had made 
many discoveries, and amongst others this, that the Solstitial 
Colure ivas moving backwards along the signs. Approximate 
values of the rate of motion were computed, which computations 
resulted, as stated by Bentley, in their finding that in 945 B.C. the 
Solstices had fallen back 3^ 20' in rea[)ect of the fixed stars during 
a period of 247 years and one mon#, from the position they had 
in the year 1192 B.C. This makes^e mean annual rate of motion 
backwards 48-5r)()61". Now, neglecting the decimal ])art of tliis 
value of the regression, wdiich would express what was to be stated 
in round numbers, and reducing the arc of an Asterism, or 13° 20', 
to seconds, it is seen that there are exactly 48,000" in an Asterism, 
and, dividing this by the annual rate, 48"', it. would take just one 
thousand years for the Solstitial point to travel over it. In actual 
fact, it takes 960 years, as previously slated. 

Now, what is more natural than that omissions or mistakes 
should be made in the numerous copies of the statements of the 
original astrcuiomers, who lived more than 28 centuries ago, or that 
a cipher should have been lost, or even a dot (which, ive are told, 
ancient writcu s used in lieu of a cipher), at the end of the number, 
and that modern Hindu writers should have been misled in stating 
100 instead of 1,000 years, 2,700 years for a revolution instead of 
27,000 ? With a mean value of 50" for the precession, we reckon 
25,920 years for the revolution of a Solstice or of an Equinox. 

In the preceding passages with respect to the Rishis, quoted by 
Colebi'Of)ke from various astronomical works of the Hindus, the 
WTitei's agree in the common mistake of a supposed motion of the 
line of the Eishis, and in the opinion that a Solstice moves through 
each zVsterism in 100 years ; but we can only regard these mutilated 
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fragments of a neaily perfect theory as having had a common 
oiioin, in a r(‘mole age AVe ma\ sn])pose that they liave been 
hamUd down from the same .lyotish family, by its scatt<'j(‘(l de- 
{‘eendauts, and thal tin' oiiginal dottiines liavo lost their true form, 
from jepeated liaie ( i i[)ts, dining long ptu’iodb ol time, and this 
liability to enor would bo itureased by th(‘ complex nature of the 
Rubjett without sufh(*ient explanation, In short, the rale of motion 
of the Solstices, oiiginally known ^uxd so lu^ar to the trutli, became 
lost to tile survv-»sors of th6 iurliest astionomers. 

THEORY Off A WyilATiON Or Till: lOllNOXES. 

To tlie tlieory ol a revolution of the ('olnres tlierc was a rival 
dotdtine, wduch may have b(‘en the cause of the foiiner theory 
liecomnig iiegle(*ted, and, in a gi(‘ai nuMsine, forgotten. This was 
th(* doetiine of a libiation of the Kquinocdal and Solstitial points 
t^olebrooke, in liis esso} c)n the equinoxes, has giv(m the Mews of a 
number of wuiteis on the snhjtit; b\ some the motion is considered 
to be an entire t evolution, tlnuugli the whole of the Asteiisins; by 
othei^, and those the most numerons, it was a libration, between 
certran limits on each side of a fixed point ; by a few, amongst 
whom was the celebrated astronomer Brahmagupta, who (thougl» 
he was aw^ir^ of the fact that the Southern Solstice had been for- 
merly in the middle of Aslesha, and tlie Northern in the beginning 
of Dlianislitha) had doubts regarding the motion. He remarks 
u])Oii the passage in the text relating to their iormer position, ‘Mhis 
only proves a shifting of the Solstices, not nuineious revolutions 
of it through the Eclipti(‘.’' 

It wdll not be necessary in thi.s (*onm^ction to ghe more than two 
extracts froMi authorities who have assumed the doctrine of a libra- 
tion. A passage from HlmscaivVs description of tlu‘ Aimillaiv 
Sphere states that: — 

*‘The intersection of the Equinoetiul and Ecliptic circles, is the 
(Jianti-Pata, or intersecting point ol the sun\ path. Its nwolu- 
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tioiis, on tlio autliority of Suvya, ure rotTograde, three nnnnads in 
u cal]>u/' 

T]\iv^ is the same with the motion of the Solstice, as aihrmed by 
Miinjala and others. 

Tlie following* is the e(>rres]>ondino‘ passag'e from the Snrya 
Niddltanta — 

“ d'lio circle of AsU i isins nH»ves Eastward oO score in a Yiiga.” 

Ill a later translation by Pnndit Pajm 'Deva Sastri, the jiassage 
is llms rendered : — 

'riie circle of Asteiisms liln’atcs GOO times in a great Yiiga,” 
and the translator, in explanation, iprocecds thus: — 

"^(tliat is to sa} ) all the Asterisms at iir.st move Westward 27^ 
Then, returning from that limit, they rea(*h their former places; 
then, from those places they move hhistwaid tin* same number of 
degr(*es, and redlining ibenet*, come again to their own places. 
Thus, they completi* one libration, or revolution, as it is called. In 
this way the ntnnber of revolutiotis in a Yiiga is GOO, which 
answers to (iOO,()U(* in a Kal])a.” 

TSoav, llba^cara was too good a matln'mati(jian to liave made the 
mistake* oi putting GO, 000 for half of a rt'vohition, or for the retro’ 
gradi* motion oi the* libration, ins(ea<l of •U)(),000. There must, 
therefore, lunnj been some mi.Ntake in the transcript or in the trans- 
lation. 

In tlu'se two statements it may be noticed that Bhascara sup- 
poses the Ecpiinoctial point is in moticin, nhereas the Surya 
vSiddhanta assumes tliat the entire circle of the Asterisms oscillates, 
first 27"^ on one side of a mean point, and tiieu 27 on the other 
side of that point. stipposed motion of tlie whole of the eou- 

stellations may have led Benthw to assume that the ancient astrono- 
mers had two systems of Lunar Asterisms, the one fixed and the 
other moveable, the latter of whitdi be culled the Tropical Sphere, 
which was at one time in coincidence with the Sidereal S{)here, and 
from this it has been separating, at a rate equal to the annual 
pnwssion. 
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The theory of a libratioii, as expressed in various aslrouomieal 
works, has been shown by ( ’<'l<‘brooke to have been generally 
valent iVoiu very early times. It was also a (l(>etrin(‘ maintained 
by Aryabhatta and Parasara, and by ni(»st. of the Hindu aslroiu^- 
iners of laitn* tinu's. 

idle eoneejUion of a vibration was, without doubt, suggested by 
the ])eeuliar motion of the j^ole of tin* hapiator tibout the Pole of 
tlie E<ii|)tio. 

The elioiee ol 27‘ was obviously , an arbitrary selection for the 
limit of a libra tion on (‘jieli a mean point. The arc of a 

Nacshalra of ilV 20' would nomtave ser\ed I he piir]iosf‘ so well, for 
connecting tlu‘ motion vitb ti||('al[)a. Other ares wdniii might 
havi‘ been made use of < lid. hot kmd tlumiselvi's eonvenicmtiy to the 
ef‘ri^1in(‘tion. The number '‘iT is tbe same as that of the Lunar 
^laiisions, double that numbcw is th(‘ same as that of thi' sec oiuU, 
in the mean annual rate of motion in thci libratiun, namely, oL'. 

If we view' iliis ^ubjc'ct in its eoiiin\‘tion with the geometry of the 
sphere, w(' sc^e still furl her evidence of (h'sign, in the (dioieo of 27" 
as the limit of tlu^ vibration. 

Let the large circle itl S C in the figure represent the 
Kcliptic in the }»lane of tlu' paper. 'The centre ^ Ixnng the }}rojec- 
tioii ol its pole, and let A P P' be the projection of the small cinde 
in which the Ecjuinoctial Pole is moving round in the direction 
indicated by llio order of these hdters. 

JSujiposc P to be the place of this Pole at any lime, then the 
great cirele S joining tiie two Poles will rejiresent the position 
of the Solstitial (Vdure at that time, and S, the ])oint wdiere it inter- 
sects the I'kdiptie, will in this lig tire re])resent the Summer Solstice, 
being nearest to tbe, Kquino(;tial Pole. 

Now, if We assume the arc of the Ecliptic S T to be equal to 27'\ 
he., T to be the limit of a viliration of the Solstice^ from S, and 
suppose a great circle ot the sphere T () PL lu be drawn so as to 
touch the small circle in PL intersecting the Col arc p g jn 
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tlieu 0 would be a })oint about wliich, as a fulcrum, any other great 
circle joining it with the Ec|uinoetiiil Pole, would oscillate, and the 
points of intersection of such a circle with the Ecliptic would Ubrate 
within tljo prescribed limits. For example, let jp 0 ^ represent an 



arc of such a circle, meeting tlie Ecliptic in then t would librate 
between the two supposed limits of 21^ on each side of the mean 
point S, and would complete a revolution in the same time as the 
Equinoctial Pole would describe a revolution round 
It will be observed that, in accordance with the hypothesis of a 
limit of 2T\ the figure shows that there are two right-angled 
spherical triangles T S 0 and ^ P' 0, in one of which S T is given 
27^, in the other P^ is the measure of the obliquity, and, accord- 
ing to Hindu Astronomers, equal to 24^ ; also the vertical angles at 
0 are equal. From these conditions the distance of 0 from the 
Ecliptic rnny be determined, and we find 

0 S -- 45° 33' C/. 

And the angle P ^ P' or the arc P P', will be 63^, or the complement 
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of the limiting arc 27'^. Thus, while the Pole moves through the 
tire P' A P", or 234°, t will be moving from T to t' in a, retrograde 
direction through 108°, but through the same arc in the direction 
of the signs, while the Pole moves from P'^ to P', 

The answer to the quesiion, Kow could a lihration of the 
Equinoxes according to the hypothesis of the Hindu Astronomers 
be explained and reconciled with our own theory of their motion 
was first sought in the solution of the two splierical tj*iangles T S 0 
and ^ P' 0 which gave the twu formulae - 

tan OS — sin S T cot ^ P'. (1.) 

cosF^O=^ lA Flan OS. (2.) 

Multiplying (1) and (2) l-ogetbe:i^.nd suppressing common fiictors, 
we liave — 

cos P' ’T 0 = sin S T 

or the angle P' ^ 0 is the comjdement of the arc T S, This is a 
general solution which would a])ply to other arcs of lihration ])esides 
that of 27°. • 

To return to the subject of the *Mine of the Jlishis,’’ the reader 
will observe that the suggestion made to the effect that tlu) real 
meaning of that expression was obs<‘ui’ed to, and by, tlu> later 
astronomers in Tiulia, is strengthened by a (*oiisi deration of the 
theories of such latei astronomers, particularly of that relating to 
the libratiem of the Equinoctial point. 

* Wlien it is considered that tln^ earliest Hindu astronomers re- 
garded the whole stairy firmament as fixed, aiul accordingly framed 
their Ecliptic, as a fixed dial, peculiar to their system, it is easily 
seen that the Solstilial point and (\dure (to tliem so important) was 
as an index finger moving on vsueh dial. Fiuther, when it is con- 
sidered that they definitely announced, at intervals, that tlie Colure 
had retiograded so many degrees, minutes, and seconds since a 
P ’evious occasion, giving the annual rate very closely to the rale 
now accepted as the truth, wo are driven to the conclusion that the 
‘‘ line of the Eislus was a part of their* fixed system, and was a 
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line ropiesented by the Solslitial Coliire as it was at the date wlieii 
they fixed it, when the Solstitial point was coincident with the 
fust point of the Lnnar Asterism, Magha. The date when it was 
so coincident was in 1590 B.C. Thus, the ‘‘line of the llishis’’ re- 
mained fixed, as the “ first of Magha/’ and thus “ the line of the 
Eishis in Magha ” was a datum from which to reckon in 'those ante- 
historic times by means of the moving Colure which separated more 
and inoie fro^n it; just as sabsequently, in A.l). 570, the first of 
Aswini " was made by latei* astronomers a fixed datum on tlie 
Ecliptic fiom tvhich to reckon thti’r apparent longitudes. In con- 
clusion, it may be stated thaM although probably the epoch 
3102 13. Ck (the commencement of the Kali Yuga) was an epoch 
arrived at by calculation baikwards; jnt the e])och 1590 13.0. was 
one fixed by observation of the tlien astronomers, and always re- 
feired to subsequently by allusion to “ the line of tlie Eishis/’ then 

ev«1ablislied. 

In a subsequent chapter, which deals with the decadence of Hindu 
astronomy whilst the nation was under Buddhist inftueuce, and 
whilst the Hindu religion (with its astronomical tu\d mathematical 
accessories) was under a cloud, an endeavour will be made to 
explain how, probably, the ancient accurate astronomical know- 
ledge must have, to some extent, been lost. 



ClfAPTfi'R^L 

THEOKY REGARDING THE CAUSES OF THE PLANETARY MOTIONS, &c. 

It is natural for men to form theories to account for the phe- 
nomena of the Univesirse. 

Guided h}' appearances in regard to surrounding objects, the 

« 

earth itself was thought at iirst U> he a vast ])lane over which the 
sun, the moon, the planets, iinS the stars seemed each to perform 
a daily c jurse ; aud wlien it* ww found that the true funu of the 
surface was more nearly that of tk sphere, it was still no easy 
matter to account for the manner by whicb it was upheld in space, 
>\nth all the celestial bodies moving round it daily, except by 
reference to sujiernatural agencies. 

For thousands of 3 ears this^api)arent motion of th(^ sidereal sys- 
tem, or, in reality, the actual diurnal motion of the earth round its 
axis, has been going on uniformly, vsithout sensible variation; 
although the axis itself has undergone constant change in position 
by a slow conical motion, requiring nearly 26,000 years to complete 
one revolution. 

The astronomers of the Siddhantas, influenced, no doubt, by their 
reverence for the sacred writings and the fear of offending caste 
prejudices, say very little regarding the causes of the planetary 
motions, beyond giving a general statement of them, as understood 
by the more ancient astronomers. 

The common opinion was that the sun and the planets, with the 
stars, were carried diurnaliy Westward by a mighty wind or a^tlier, 
called Pravaha, which was moving continuously in a kind of whirl- 
ing vorteoc. 

It wns supposed that the apparent Eastward motion of the 

planets in their orbits was brought about by an overpowering 
o 2 
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influenco of the stars, causing them to hang hack, and that the 
irreguhiT’ motions svciv produced by invisible Deities at the apogees 
and the nodes of tln^ ililVcreut orbits, those at the apogees attracting* 
them nne(|iially by means of reins of winds, thus guiding them in 
then* t*nni’so, wliilst the others, situated at the nodes, deflected to 
l1i(* North or the Rc-ulh of the Ecliptic. 

The notion tluit the [danets were carried by an inther whirled 
ah(mt the sun (liowevca* ridiculous it may appear in the light of 
modern science) was one also prevalent in Europe before the times 
of Kepler and Newton. luen Depart es and Leibneitz and a crowd 
of followers bestowed mueli labow and extensive learning in prov- 
ing the system of vortiees to bo a necessity; and it was not till 
long after the publication of the Principia, thfit the (Cartesian 
doctrines were abandoned at Cambridge.* 

Bhaskara, in his Siddlmnta Siromani, after giving a nuiiiber of 
reasons proving that an eclii>se of tlie moon is caused by its entering 
the shadow of the earth, and that tlie sun is ecli])sed by its being 
covered by the moon, as with a cloud, goes on to say: — 

'‘Those learned <Hstrononiers who, being too exclusively devoted 
to the doctrine of the sphere, believe and maintain that llahu 
cannot be the caUwSe of the obscuration of the sun and moon, found- 
ing their assertions on the above-mentioned varieties, and differ- 
ences in the parts of the body first obscured, in the place, tmie, 
causes of obscuration, etc., must be admitted to assert, wdiat is at 
variance with the Sanliita, the Yedas, and the Puranas. 

The Principia was first published in 1687. 

David Gregory gave instruction upon the Newtonian Philosophy in 
Edinburgh for several years prior to his removal to Oxford in 1690* 
Whiston, in the memoirs of his own life, says, referring to him;— • 
He had already caused several of his scholars to keep acts, as wo call 
them, upon several branches of th© Newtonian Philosophy^ while we at 
Cambridge (poor WTctches) were ignozniniously studying the fictitious 
hypotheses of the Cartesians.” 

The Physics of Pohault were in use to a much later period than this. 
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‘‘All discrepancy, licwever, between the assertions of the above 
referred to and the sacred Scriptures may be reconciled by under- 
standing that it is the dark Rahu which, entering the earth's 
shadow, and which, again entering the moon in a solar eclipse, 
obscures the sun by the power conferied upon it by the favour of 
Brahma,” 

It was usual with the authors of the Siddhantas to give the 
fabulous description of Hindu Cosmography as set forth in the 
Vedas and the Puranas, tlioiigh they themselves might not be at 
the pains to assert tlieir faith injj. Bhaskara, with great patience, 
goes through the account Bwipas and the seven seas of 

milk, curds, clarified butter> $^ar-cane juice, wine, aiul sweet 
water; the positions of the mountains in Jumbu Dwipa and the 
nine valleys, the (xolden Meru, the abode of the Gods, the gardens, 
the lakes, and rivers in which the celestial spirits, when fatigued 
with their dalliance with the fair Goddesses, disport themselves:' 

But he himself attaches no^credit to what he describes, and he 
concludes with the words: What is stated here rests all on the 
authority of the Puranas.” 

He thus reasons regarding the various supporters of the earth : — 

“ If the earth were supported by any material substance or living 
creature, then that would require a second supporter, and for that 
second a third w'ould be required. Here we have the absurdity of 
an interminable series. If the last of the series be supposed to 
remain firm by its own inherent power, then why may not the same 
power be supposed to exist in the first, that is, the earth 

He asserts that the earth has an inherent power of attraction: — 

“ The earth attracts any iinsupported heavy thing towards it. The 
thing appears to be falling, but it is in a state of being drawn to 
the earth. The ethereal expanse being equally outspread all around, 
where can the earth fall Y 

To the Bauddists, who assert that the earth is going down eter- 
nally in space, lie says : — 
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Observing, as 3^011 do, 0 Baudha, that every heavy body pro- 
jected into the air comes back again to, and overtakes, the earth, 
l)ow, then, can 3"ou idly maintain that the earth is falling down in 
space (thinking that the earth, being the heavier body, would go 
faster and would never be overtaken by the lighter) ? 

To the daina, who is a heretic, and disliked by the Brahmins, he 
says : — 

“ Blit what shall J say of thy folly, 0 Jaiiia, who, without objec^ 
or use, Rupposest a floublc set of constellations, two suns, and two 
moons? Dost thou uot see that tie visible circumpolar constella- 
tions lake li whole dav to coinplyP their revolutions? 

“ Tf this blessed eai th were level like a ])lnne mirror, then why is 
not the sun reA^ohing above at a distance fi*om the earth, 
visible to mm, as well as to the (bids (ac/ording to the Puranas the 
sun is alwaj\s revolving about ^leru above the earth and hori- 
j^ontalh') 

€ 

If the ^lolden Mem is the cauvse of night, then why is it not 
visible v.dien it intnveiies between us and the sun? And Meru, 
being Vidmitted l)y the Puranas to lie to the North, how comes it 
that tin? vsun ris^s (hu* half the j^ear) to the South?'’ 

This and the like reasimings of the authors of the Siddhanta 
Sirornani, exhibit a keenness of observation Avhich would do credit 
to latter-day European philosophy. 



CHAPTER VII. 


ARITHMETIC, ALGEBRA, AND GEOMETRY OF THE HINDUS. 

In liistories of the mathematical sciences it has been usual to 
trace our knowledge of arithmetic to the Arabs, and our numerals 
are distinguished from those of the Greeks and Romans by the 
vsymbols termed Arabic. T)r. Peacock, in his work on arithmetic, 
observes there is nothing in 
slightest degt'ee resembles out 
posed ill the researches of Ardb,i£aedes and Apollonius which could 
naturally h‘ad to its invention. 

In Bhascara’s Vasana, it is stated that, according to the Hindus, 
numeration is of divine origin, '‘the invention of nine figures, 
witli the device of places, to^make them sufiice for all numbers, 
being ascribed to the beneficent Creator of the Universe.’’ 

Dr, Peacock remarks upon this passage Of its great antiquity 
amongst them there can be no doubt, liaving been used at a period 
anterior to all exi>sting lecords. 

‘^ifost otlier nieniorable inventions they have attributed to 
human authors, but this, iii common with the invention of letters, 
tlii'V have ascribed to the Divinity, agreeably to the practice of the 
Greeks, Egyjitians, and most other nations, with respect to more 
important inventions in the arts of life whose oiigin is lost in the 
remoteness of antiquity.” 

The Sanscrit names of the ten numerals are : — 


1. 

Eca. 

G. 

Shata. 

2. 

Dwau. 

7. 

Sapta. 

3. 

Traya. 

8. 

Ashta. 

4. 

Chatur^ 

9. 

Nova, 

5. 

Ponga, 

iO. 

Dasa, 


Greek notation which in the 
^ iand nothing in the object pro- 
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Tlu^se have been adoj^ted, with, sliuht variations, not merely in 
all langua|:>;es ot‘ the sajiie clash and origin, but likewise in many 
otlipis which nj-e jadically different from them. If we proceed to 
the exj)r(*,ssions of liigher nninbors, we find the same general law 
of their formation by the combination of names of the articulate 
numbers, with those of the nine digits. 

‘^From consideration that when a national literature, whether 
oral or written, is so generally diffused as to form a standard, or 
a test of purity, wliicli, while it enforces a legitimate charaetta* 
upon all existing terms, watches ov£r the introduction of all others 
with extreme jealousy; from thispconsideration alone, independ- 
ently of other evidence, we shomd be inclined to assign to tlio 
Sanscj'it terms for high nunriljers, and, consequently, to their system 
of numeration upon which they are founded, an antiquity at least 
as great as their most ancient literary monuments ; as the arbitrary 
impositions of so many new names for the most part independent 
of each otlier, and in numbers, also, so much greater than could 
possibh^ he required for any ordinary application of them, would 
he a cirtnun stance i^nlirely without example in any language which 
had already acquired a settled and generally recognised character.^’ 

ALGEBRA. 

It has been usual to ascribe the origin of Algebra ^also to the 
Arabs, but there is little doubt that it is as old as any knowledge 
that we possess, for it is a natural method by wliich the mind 
investigates truth. 

The name Algebra is supposed by some to be derived from 
Arabic words ; by others from a supposed inventor whose name was 
Geber, to which the particle A1 is added, maldng A1 Geber, signify- 
ing in Arabic, the reduction of fractions to integers. 

Peter llanius, in his Algebra, ^ays the name Algebra is Syriaci, 
signifying the art and doctrine^of an excellent man, and that there 
was a certain learned mathematician who sent his algebra written 
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in the Syriac langiioge to Akxaiulor the &reat, and he named it 
AIbiu Cabala, that is, the book of dark and mysterious things. 

Indications of the science arc traceable in the writings of the 
ancient philosophers, whose contemplation of nature required such 
an aid. 

The earliest Arabic*, work on algebra, written by a Mahomedan, 
is, as declared by themselves, a treatise which was the production 
of Mahomed Ben Musa, of Kowarezm, in t,he reign of the Caliph 
A1 Mamun, son of the famous Caliph Havoun Al-liaschid; written 
about the beginning of the^^?th:<?enfery A-D* 

A manuscript co]>y of thiS; ^wk, dated T-Ui A. IF., oi* hTki A.D., 
is preserved in the Bodleianu'fnlffi^, Oxford, and it is surmised to 
be the earliest cop\ in existence. 

A translation of it was made from the Arabic into English by 
Fredric Rosen, and published in 1831. 

The author, in his preface, statc-s that: — 

“Encouraged l)y the Ima^i Ai Mahmun, Commander of th<' 
Faithful, etc., he was induced to compose a short work on calcu- 
lating, by the rules of cou'pletion and reduction, confining it to 
what is most useful in aritlimetic, sucli as men constantly require 
in cases of inheritance, legacies, partition law suits, and trade, and 
in all their dealings with one another, or w^here the measuring of 
lands, the digging of canals, geometrical computation, and other 
objects of various sorts and kinds are concerned.'’ 

The design of the work does not extend beyond questions 
requiring for their solution either simple or quadratic equations, 
and these are solved by the same rules as tliose employed in the 
treatise of Diophantus ; but it is not probable that Ben Musa 
borrowed anything from that w^ork, for it was not till the middle 
of the fourth century of the Hejeira (about 960 A.D.) that the 
treatise of Diophantus was translated into Arabic by Abiil Wafa 
Buzani. 

Mr. Ros^m was of opinion that the Arabs received “their first 
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knowledge oE algebra from tbe Hindus, who furnished them with 
their decimal notation of numerals, and also with various important 
points of mathematical and astronomical information but he adds 
‘‘as to the subject matter of Ben Musa’s performanccj he seems 
to have been independent of them in the manner of digesting and 
treating it ; at least the method he follows in expounding his rules 
as well as in showing their application, differs considerably from 
Hindu writers/’ 

Tt was a matter of much impoi’tance to ascertain the degree in 
v^hich the Arjibians were indebted to the Hindus for the improve- 
ment made by them in malhomatiJ and astronomy, at the earliest 
period in winch the sciences were^ultivated hy them. Colehrookc! 
entered upon an investigation of this question,* and gathered to- 

* [t is stated in the preface to the astronomical tables of Ben-al- 
Adami, published by his continuator, A1 Casern in 920 A.D., that in 
the reign of the second Abassido ICalif Ahnansur, in 778 A.D., “ An 
Indian astronomer, well versed in the fcienco lie professed, visited the 
court of the Kalif, bringing Avitli him tables of the planets according to 
the mean motions, with observations relative to both Solar and Bunar 
Lclipses, and the ascension of the signs ; takfm, as he affirmed, from 
tables computed by an Indian Prince. The Kalif embracing tho oppor- 
tunity thus presented to liim, commanded tho book to be published for 
a guide to the Arabians in matters pertaining to tho stars/’ The task 
devolved on Muhammed Ben Ibrahim Alfazari, whoso version is known 
to astronomers hy the name of the greater Sind-Hind (Arabic of hither, 
and remoter India). It signifies, according to tho same author, Ben-al- 
Adami, tho revolving ages. Colebrooke supposes the word may have 
been Siddhanta or Indu-Siddhanta, and apx'>oars to have been that which 
is contained in the Brahma Siddhanta. It is cited by tho astrologer of 
Balkh Abu Mashar, but he does not specify which of the Indian systems 
he is citing. But it is distinctly affirmed by later Arabian writers, that 
only one of the three Indian doctrines of astronomy was understood by 
the Arabs . — Colehroohe Hssaysy VoL IL^ p, 504. 

Colebrooke was of opinion that the Sind-Hind was a copy of the revised 
Brahma Siddhanta of Brahmegupta, and that the fact was deducible 
from the number of elapsed days between the beginning of the planetary 
motions and the commencement of the present age of the world according 
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gether all the information lie could find relating to it in the 
writings of Arabic authors aad historians, and the evidence which 
he brings to bear on the subject appears to prove that during th(‘ 
'eigns of the four Abassidc Caliplis of liagdad, A1 Mainun, Haroiin 

to the Indian reckoning as it in quoted by Abu Mashar (an astrologer of 
Balkh), and which agrees precisely with Brahmegupta. — Colehrooh 
Essays, Vol, IL, p, 505. 

** The ivork of Alfazari, taken from the TIiiidii astronomy, continued 
'^0 bo in general use among the Mahomodans until the tim(^ of Almainun, 
for whom it was epitomised by Moh^m^d Ben Musa A I Khuwarezmi ; 
and his abridgment was thenco&rward known by the title of the lesvs 
Sind-Hind. It ap 2 )oars to Jiavpleeu executed for tli<‘ satisfacition of 
Almaniiin, before this prince’'^'";SElS|fe^on to tlie Caliphate, which took 
place early in the ilrd century of the Hejira and 9th A.D.” — Colehrooke 
Essays, roh II., 509. 

The author of the Tarikhul-Nucama, a writer of the 12th century, 
595 A. 11,, 1198 A. I)., quoted by Casiri, observes that “owing to the 
iistanco of countries and im^iodiments to iiiter(*ourso scarcely any of the 
writings of the Ilindus had roaci^d the Arabians. There are reckoned, he 
adds, “ three celebrated systems (Mazhab) of astronomy ; one only of 
which has boon brought to ns, namely, the Sind-Hind, which most of 
the learned Muhamedans have followed.” After naming the authors of 
astronomical tables founded on that basis and aKSsigning tlie intoiquetation 
of the Indian title and quoting the authority of Ben Adami, the compile]* 
of the latest tables mentioned by him, he goes on to say, “that of th(‘ 
Indian sciences no oilier communications have been received by us but a 
treatise on music, of which the title in Hindi is Biyajihar, and the sig> 
uification of that title (fruit of knowledge), the work entitled Calilah and 
Damanah, uj)on ethics ; and a book of numerical computations which 
Abu Tafar Muhamed Ben IMusa A1 Khuwaroztui amplified (basat), and 
which is a most expeditious and concise method and testifies the ingonuiiy 
and acuteness of the Hindus.’’ 

The book here noticed as a treatise on ethics is the well-known 
collection of fables of Pilpai or Bidpai (Sans Vaidyapriya), and was 
translated from the Pehleir version into Arabic by command of the same 
Abasside Khalip Abnansur, who caused an astronomical treatise to be 
translated into Arabic. 

The Arabs, however, had other translations from Indian writers, 
several on Medicine and Materia Medica, another on poisons, and 
numerous others,” — OoUhrooke Essays, Vol, II,, pp, 510-51L 
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A1 Eascliid, A1 Alaiuun, and Al Motaded, daring a period of about 
150 years, from 754 to 904 A.D. the greatest eagerness prevailed 
to acquire the scientific knowledge of the Hindus and the Greeks, 
J^eariied Arabians were employed in translating into Arabic, works 
that were best known, the Geometry of Euclid, the Brahma Sidd- 
hanta of the Hindus, the Almagest of Ptolemy, the Algebra of 
Diophantus, with various works on music, medicine, etc., from the 
Sanscrit, 

An Indian astrcnomcr was invited to the court of Al Mansur, to 
give instruction in the Indian astronomy, from wliich tables w^ere 
formed. The Indian system was An adopted by the Arabs, and 
the naane Sind-Hind was given to one of the Indian works with 
which they bccanie best acquainted, and whicli, according to Cole- 
brooke, appears to have been Brahmegupta’s Siddbauta. This book, 
by command of the Caliph, was used as a guide to the Arabians in 
matters j)ertaiuing to the stars. 

( 'olebrcjoke eemdudes his exiiminat^n as follows : — 

^^Froin all these facts, joined with other circumstances to be 
noticed in progress of tliis note, it is inferred : First, that the 
acquaintance of tlu^ Arabs with Hindu astronomy, is traced to the 
'middle of the second century of the Hejira in the reign of Al 
Mansur, upon authority of Arabian historians citing that of the 
preface of ancient astronomical tables (622 4- 150) A,D. ; while 
tlfeir knowledge of the Greek astronomy does not appear to have 
commenced until the subsequent reign of Uaroun Alraschid, when a 
translation of the Almagest is said to have been executed under the 
auspices of the Barmacide Yahya Ben Khalled, by Abu, Siau and 
Salaina employed for the purpose. 

‘^Secondly, that they were become conversant in the Indian 
method of numerical computation within the second century", that 
is, before the beginning of Almamun, whose accession to the 
Caliphate took place in 205 M. (,827 A.D.) 

Thirdly, that the first treatise on algebra in Arabic was pub- 
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liplied in his reign ; but. tlieir ac([naintMnee ^vith the work oi 
Dioplmiitns is not traced by any bistorieal facts collected from their 
writings to a period anterior to the middle of the fonrth centnry of 
the Hejira (972 A.B,), when Abrilwafa lUizjani flonrished. 

Foiirtlily, tlmt Mnhained Ben l\lux:a Ivhtiwarezmi, the same 
Arabic aiitlior, Avho, in the time id Aliuamiin and before his acces- 
sion, abridged an carlit'r w'ork taken from tlu' Hindus, and who 
published a tieatise on the Indian method of iniinerical computa- 
tiem, is the first, also, who furnished the Arabs with a knowledge 
of algebra, ujion which he ex pr(iS< 5 ^ 1 y wrote. 

“ A treatise on algebra be?i|:i^W hi{^ name, it may here lie remarked, 
v\as in the hands of tlio 4 dgebrnist‘<, tran^'lat(‘d into the 

Italian language not long afti^’-thrfintioduction of the stdenee into 
that country by Leonardo, of Pisa. It appears to have becai seen 
at a lat<*r period b(»tli by Cardan and by Bombelli. No maiiuscri])t 
of tliat YC'rsionis, however, now extant ; ^)r, at Ic'ast, known to be so.’’ 

The treatise on arithmetic i;<lul Algebra entilled “ Liber Ahbuei,” 
by Leonardo, the sou of Bonacci, of IMsa, waxs published in 
1202 A.I). In the accinuit which he gives of himself in the preface 
of his work, he says that he travelled into Lg^'^pt, Barbary, Syria, 
(rreece, and Sicily; that being in his youtli at Bugia in Barbary, 
where his father Bonacci, held an employment of scribe at the 
custom house, by aj^poiiitmcnt from Pisa (for Pisan merrdiants 
resorting thither), he was there gi'ounded in the Indian methdtl 
of accounting by nine numerals. Further, that finding it more 
ccmmodioiis, and far preferable to tliat used in other countries 
visited by him, he pTosocuted the study, and, with some additions of 
his own, and taking some things from Fnclid’s Geometry, he under- 
took the comy)Osition of the treatise in question, that ‘^the Latin 
race might no longer be found deficient in tlio complete knowledge) 
of that method of computation,” and he professcvs to have taught 
the complete doctrhie of numhers according to the Indian method. 

The treatise on algebra by Diophantus, before referred to as 
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liavinu' translated from the Greek into Arabic, in the reign of 
the Calipli A1 Motaded, about A.D. 900, althougli now well known, 
was ap['ar( ntly unknown to European luatheinaticians before the 
time of liegiomentaniis. H(* (in the pri‘faee to the '‘Elements of 
Astronomy/' of the Arabian astnmomer, Alfragan, whose name is 
dei'ivetl from the ]>laco of his birth, IVrgan in Sogdiana or Samar- 
cand, and wlio Houridied about 800 A. I).), informs us that Dio- 
phiintus wrote 13 boc ks on arilhmetic and algebra, which are still 
preserved in the Vatican Library. Ilombelli, in the preface to his 
“ Algebra " (1572 A.D.), says tliat therci were only six of these books 
then in the libiury, and that he Bnd another were engaged in a 
translatian of them. Thes<‘ six bwks have been publislied in Greek 
and Ia\tin at different later times. Those particuilarly mentioned 
are two editions : one by Ibicbet, Daris, 3 021 : the ollu*r with notes 
by Fermat, Toulouse, 1070. 

As a science little kiiowui to the Grecdws of later times, the 
Diophantine Atialysis wa>s a. subji'ct%.m wliicl), according to Suidas, 
the eelebrab^d Hypatia, in her ('Opacity of President of the Alex- 
laulrian School of iTiiJirsopiiv, lectured before that society,, as her 
father, the matlienudician Theon, did also in the same olii(‘e on the 
Syn taxis of Ptolemy. 

Now, in the year 415 A.D,, Ily])atia was brutally murdered by 
a mob of monks in an out break against the Governor of Alexandria, 
Grestes. For 1,000 jears afterwards the work of Diophantns does 
not api)ear to have been known, ex(?ept in name, to either Greeks 
or Homans, although it was known to the Arabs, and appreciated by 
them in the reigns of the Abasside Caliphs of Bagdad, soon after 
the Arabs were in pogsession of Alexandria. 

The age when it was supposed to have been written is variously 
stated by different , writers, and it was supposed to hjave had its 
origin in Alc^xnndria. 

Abulfaraj considers Diophantns to have been a contemporary of 
the Emperor Julian about 3C5 A.D. 
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Other writers suppose the date to have been 150A.D. Bachet 
conjeeuiies that tlie c»g‘e in wdiieli he flourished ivas about tlie time 
of Nero, 54 A.D. Covssali, in his ‘Mhi^ine delT Algebra,'’ was of 
opinion that he lived about 200 B.(\ 

\niid So much t onjecture and uncertainty with reference to the 
origin of this work, a siigg‘(‘stioii may be permitted by way of 
expluiialion regarding it, namely, that the book was a tramslation 
from some ancient oiiginal manuscrijit, one out of the numerous 
rolls then in the libra ly, which had been brought from the East, the 
spoils of war in the Asiatic Qam|)s(^ign of Alexander. This sup- 
pcjvsition would appear to rec.ei'||^':^il|)port from the meaning of the 
(jiK'ek word Diophantus, as Ao the book, it would signify 

“Explained by the (iods.” Kw, most Indian works on science 
arc siip])osed to hawe a diviiu origin, but this work difl'ers in some 
res])ects from known Indian works on algebra, as will be explained 
hereafter. It may poi^sibly have had a Persian or a (dialdaic origin. 

That an Asiatic origin is a%iost probable, derives evidence from 
the manneT' in vhidi the Alexandrian Library was formed and 
receivoil its iiiereas(\ 

We are told tliat Ptolemy Sot er, the favourite (feneral of Alex- 
ander, was a great Ioaoi of jileratuie and science. He had a passion 
for the collection of manuscri])ts, and had ample opjjort unities for 
the indulgence of tliis favourite pursuit, in the cam])aigu in Asia, 
the literary wealth of which he acquired, and the manuscripts of 
which he collected as the spoil of war, and carried away from its 
palaces and temples. 

When he bccaixie fully settled in his sovereignty as King of the 
Egyptian province, to which he had succeeded after the death of 
Alexander, ho devoted much time to the formation of a library. 
This was undertaken at the suggestion of Demetrius Phalierus, 
who had taken refug(‘, in Alexandria on his flight from Athens, 
where he had been Grovernor, being received with great hospitality 
by King Ptolejny. This library was that which, under his sue- 



96 


Hindu Astronomy. 


cessors, Philadelplitis and Tergetes, who inherited his father’s love 
of the scieiiee, was iiinreastd to about 400,000 volnmes, among 
which were valnable and envious mannseripts from most countries 
then known. 

It is said ol IJergetes that he adopted a most unscnipnlons method 
of adding to the library, as, for instance, that he seized books 
imported into Kgypi- from neiohbonring eonntries, and, having 
(nnsed them to be ecpied, retnrni‘d the copies to the owners, keeping 
the originals for llie library. ^ 

Til ere must have been many arnd'-nt mannseripts in this vast 
colhajtion not written in the Gret^ language, so Ptolemy adopted 
a course which was best calcnlaW to make him acquainted with 
their contents. 

lie made his court an asylum for learned and talentt'd men, wdio, 
from war or piusecution, having been drivim fiom th('ir homes, and 
being received and establi.^lual under his own protectioti, w'ore 
treated with muniiieenec' and liberality, md the doctrines they pro- 
fessed listened to w'ith toleraticm. 

The members forming tin’s gnait society lived together and par- 
took of the common bounty of tJie Sovertdgn. They formed four 
pi'incipal schools, of Avhicah the first consisted cd critics and coin- 
mentat(W 3 , the second of matJuMnatieians, the third of practical 
astronomers, and the fourth was a school of medicine and anatomy, 
of which last, wc are informed, one professor, named Ilerophilus, 
dissected GOO imni! 

By his example in sharing their labours and taking part in their 
discussions on philosophical subjects, he excited emulation and 
aroused a spirit of enquiry, wln’ch raised the Alexandrian School 
to the highest distiiretion in literature and science. 

Por about 300 years before the conquest of Pgypt by the Romans 
this School flotmshcd and became famous by reason of the dis- 
tinguished philosophers who were members of it. 

Among the mathematicians and astronomers of this period, whose 
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rames have descended to ns, ami which are deservedly honoured at 
the present day, are those of Euclid (‘2S0 B.C.), Aristarchus, 
Eratosthenes (240 B.C.), Conon, and, according to Troclus, 
Archimedes (250 B,0.), who is said to have studied under Conon, in 
the reigns of Philadclphus and TTergetes. About the same time 
there flourished the geometricians Apollonius and Nicoinedcs, and 
a little later the eminent astronomer Hipparchus (135 B.O.), to 
wdiom Ptolemy, the astronomer (70 A.D.), Avas so greatly indebted 
in the compilation of liis great Avork called the “Syntaxis’’ — ^the 
Almagest of the Arabians. \ 

The princiides of niatliematicJ|mj^0c^^ in his various works by 
Euclid were, before his thne^^lilffl^R'by Plato (390 B.C.) and by 
Pythagoras (550 B.C.), and, don1^P|^ to some extent by other more 
ancient writers. 

The great merit of Euclid was, that he reduced to order the funda- 
mental principles delivered by the earlier writers, and by his admir- 
able arrangement of them fonfced tliat system of logic, which, 
step by step, carried conviction of their truths to the mind, by irre- 
fragiblo demonstration — a system of reasoning which has never 
been surpassed, and which, in his Elements of Geomctry,^^ still 
holds its owrn iii the vschools of the proseiitl day. 

The aid Avliicli must have been afforded by the library to the 
philosophers of the Alexandrian School is incalculable. To state 
the degree in Avhich the more ancient sciences w^ere embodied in the 
writings of this period is impossible. The subject has, in a great 
measure, been avoided, and modern winters have been content to 
ascribe to eminent men of the Alexandrian School discoveries which 
were, in fact, made long before that School was established. 

It cannot be doubted that, stored in the library, were many 
manuscripts, containing the wisdom of ancient Eastern nations, of 
which, there is now no record, but which must have been translated 
and embodied in the works of Greek authors at about this period. 
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In the words of Laplace : — 

“Such have been the vicissitudes of human affairs, that great 
nations, whose names are hardly knfuvn in history, have disappeared 
from the soil which they inhahitod; their annals, their language, 
and even their cities have been obliterated, and nothing is left of 
their science and industry b»it a confused tradition and some 
scattered ruins of doubtful and uncertain origin.” 

About the. years 1587 and 16o4 A.D., Akber, the Emperor of 
India,, caused translations to ho made from tlio Sansorit into tlio 
Persian Jau^nago, of the Lilavvatec. and the Vija (ianita, treatises 
on nrithmetic and algebra of tA Hindu in a thematic, a an, Pliascana 
Acliarya, whioli have already iSeti referred to in a i>revious section 
of this work. The first of these was translated hv Ahnl Fiizol, tlio 
confidential minister of Akher, and the second hy Utta Ulla 
llushudee. They arc both compilations from amaent Hindu works, 

( onm eted witli numbers, geometry, and mensuration. 

At tlic end of the last century Jkrtial translations, of these works 
of Bhasoara,' fi'om the Persian into English, were made by Mr. Davis 
and Mr. Reuben Burrows, and a comjileto iranslation was made from 
the Persian by Mr. Edward Stracliey, of the Indian Civil Service. In 
1817, Mr. Colebrooke published his translation of these treatises 
directly from Sanscrit versions, and he added various notes and the 
commentaries of other Hindu writers. 

In 1796, Dr. Hutton, in his “ History of Algebra,*' gave a short 
description of these two Avorks of Blxascara, and, as a result of the 
investigation which he made with referemee to the origin of algebra, 
he expresses his opinion as follows: — 

^^From a comparison of the algebra of the Arabians and the 
j Greeks and that of the modern Eiuropeaiis, \Adth tlie Persian trans- 
lation of the \ ija Ganita uiul the Lilawatee, it would a])pear that 
i the algebra of the Arabs is «niite dift^'ent from that of Diophaiitus, 
and not taken the one from the other; that if the Arabs did learn 
from the Indians, they did not borrow largely from them. 
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That tlio I'ersian translation®! of the Vija Ganita and liilawatee 
eentaitt pianciples 'sxdn'clx are suflOLeient for the sohition of any pro- 
position in lilie Arabian or in the Diophantiiie algebra; that thovse 
translations c('ntain propositions which arc not to be solved on any 
primaples that could be supplied by the Arabian or the Diophantiiie 
algebras; and that the Hindus wore further advanced in some 
brnnelies of this science than the modern Europeans, with all their 
inipiovements, till the middle of the 18th century/^ 

, 1 To f ur t her rei u ai ks : — 

General methods for tin;, solutidih of indeterniinale problems 
are found in the fourth and fiftra^aplers, which differ much from 
DiophantUvs’ work. Hindu Algelir^^htains, i n Mr. Stra(‘l ley’s opinion, 
which is highly probable, a great deal of knowledge and skill, which the 
Greeks had not, such as the use of an indefinite number of unknown 
([uantities and t\he use of arbitrary marks to express them; a good 
arhhineti(j of Surds; a perfect theory of indeterminate problems of 
the first degree; a very extens^e and general knowledge of those 
of the second degree ; a perfect acquaintance with quadratic equa- 
tions, etc. 

Hutton continues : ‘‘the arrangement and manner of the two works 
are as different as their substance ; the one constitutes a regular body 
of science, theotlierdocsnot; theVijaGanitais quite connected and well 
digested, and abounds in general rules, which suppose great learn- 
ing; the rides are illustrated by examples, and the solutions are 
performed with skill. 

Diophantus, though not entirely without method, gives very 
few general propositions, being chiefly remarkable for the dexterity 
and ingenuity with which he makes assumptions for the simple 
solution of his questions. The former teaches algebra as a science, 
by treating it systematically; the latter sharpens the Avit by solving 
a variety of abstruse and complicated problems.^’ 

The solution of certain problems, by the application of Algebra to 
Geometry, is remarked upon by Mr. Strachey, 

It 2 
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Some of these hav(i names peculiar to themselves. Thus, the 
figure designated as the bride’s chair,” ^Hhe wedding chair,” is a 
square made up of the four right-angled triangles, which are equal to 
, iwj(‘e the rectangle of their sides, together with the small square^ 
wliich is the square of the difference of the sides. Mr. Strachey 
was of opinion that the Hindus were well acquainted with most of 
the propositions in Euclid's elements. 

It is easy to see from the following original proposition in the 
Hindu work, that the Pythagorean theorem is intended to be 
understood. 

“The square of the hypoten^ of every right-angled triangle is 
equal to twice ijlie rectangle of the two sides containing the right 
angle Avith the square of the difl’erencc of those sides." 

It is evident (hat if x and y be the sides and c the hypotenuse, 
the proposition makes — 

c- — "2x1! + {x ~ ?/)- and obviously 

+ 7 / 2 . 

The geometrical proof being that the two rectangles are equal to 
the four right-angled triangles containing the sides ; and that, with 
the square of the di (Terence of the sides, they together make up the 
figure of the bride’s chair. 

The name of the figure, it is conjectured, has been suggested by 
its resemblauce to tlie tonjon or palanquin, in wliich it was usual 
for the bride to be can ied to her husband’s house. 

7 )r. Hutton was of opinion, from the many questioias about right- 
angled triangles worked algebraically, that it was probably in India 
where Pythagoras acquired hivS mathematical knowledge wliich lie 
carried back with him and taught to his countrymen. With refer- 
ence to the algebra of the Greeks, he says 

“ It is doubtful if the Greeks had any other algebra than that of 
Diophanttis, and it may he worthy* of remark that at Alexandria he 
fmay have had access to Indian literature.” 
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Or, what is more likely, that, as before suggested, the treatise 
entitled Piopluiiitus was of a more Eastern origin, supposed to be 
divine, as the name unplies. Since the Greek translation was found 
in ih(‘ library in later times, with no explanation of its true origin, 
the author 3ias been sujjposed to be some Greek named Diophant us ! 

It has been before suggested that the earliest form of the sun dial 
u^as tin* shadow cast on the horizontal plane by the tent-pole of the 
Nomadic tender of cattle, v.'aiidering over the great level plains of 
Asia. The changes which the shadoAV underwent during the day 
and throughout the year must h^ve been always noticed by the 
inhabitants of the high lands <^^f Asia long before the 

right-angled triangle formed by'*fK|^%pright pole, the shadow and 
the solar ray joining their extremities, became a subject of mucli 
attention. By all, it would have been seen that the shadow, growing 
less from sunrise to midday, increased again from noon to sunset. 
They noticed during ilie year that the midday shadow varied in 
length, being shortest when the^suu w'as in the Summer Solstice, 
and longest at the Winter Solstice. 

Their occupation of tending flocks made these phenomena 
familiar 1o them, and t])e points of tJie horizon at which the sun 
Avould rise w'ould he noticed by trees or other marks, or by the 
direction of the shadow produced backwards, and the points of 
sunrise \vould be seen to change throughout the year, oscillating, 

m 

as it were, to extreme points Nortli and South of the East pouits. 
Thus, they may have been long familiar Avitli these appearances 
before measurements of the upright, the shadow, and the line be- 
tween their extremities were made. 

Tlie innumerable cEanges Avhicli the form of tlie triangle and the 
length o£ the shadow underwent at first could not fail to be a 
subject of great pciplexity; but it is most probable that these 
measurements led first to the numerical discovery that the squares 
on the sides of the rightrangled triangle added together are equal 
to the square described on the hjqiotemise. 
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Nt'w, ii; is a proaninent feature of Hiudii mathematics in their 
alg‘(*l)ra, geometry, and astioiiomy, that the numerical properties 
of the right-angled triangle are principally employed in the solution 
of prohlems. Geiural theorems Avere framed for special purposes. 
Theorems, relating Loth to abstract and concrete numbers, were 
invented, and applied to problems, the solutions required being 
sometinms in integers, and at other times, in a more, general rational 
form, integral or fi*aelional. 

The solution of problems in concrete numbers was such ns had 
I elation to the reqiiireiiientn of the age in wdiieli the rules Avere 
formed ; measurements of land, ejmtents in the exi'avation of canals, 
tanks, etc. ; the number of brie® in piles of different forms ; con- 
tents of conical mounds of grain and stacks; saAAung of timber; 
interest of money ; purchase and »sale, etc. 

A few examples are here inserted, extracted from tlie Lilavateo 
and the Vija Ganita, and expressed in the modern form, in order 
to illustrate' some of the methods efuployed in those treatises: — 

Ex, If or and y be sides and the hypotenuse, then for the solution 
of the indeterminate equation — 

alJ in integers. 

Let m and n be any two arbitrary integers, m greater than n, 
we have for solutions — 

X = 2 m yt. 

y = 

e = m2 + 


For solutions generally in rational numbers, integral or fractional, 
of the equation, x- + y^ ^ 

When one of the sides x is given — 

Assume y = being any arbitrary integer). 


And 


z 


m ®-|- 1 


,x. 



Arithtmtic, Algebra, and Geometry of the Hindus. 


103 


Otherwise- 


Assume ?/ = 2 

»=i (“+»)■ 


When the liypoteniiso c' is given- 


X 2?71 0 

Assume a? = — 

— 1 

^ ‘YtV I 


•Z 


Again, Ex.. 00, for tlie .solatioil,of the equation, x' ?y“ 


1, wlieje mi is arbitrary. 


u ^ = ^.jL 


m‘. 


- !(2L' + 


ur y 

Ex. (Gl.j For the solution of tlie equation X' -f — 1 = c‘^ 
Assume ^ = 8 m‘ ^ » where ni is arbitrary 
And y = 8 mi' 

z =- 4 mi' (2 m" -}- 1) 
consequently a:- + 7 /" ~ 1 = 16 mi^ (2 mv -f- 1)’ = 

• (201) Kule. — Mlien the diameter of a circle is multiplied by three 
thousand nine hundred and twenty-seAvn, and divided by twelve 
hundred and lifty, the quotient is the near circumference; or, 
multiplied by twenty-two, and divided by sev(‘n, it is the gross 
circumference. Thus : — 

39 ’^7 

Near circumference = y. d — 3-14 16 X d. 

^2 

Gross circumference = - “ - X d, 

7 

(203) Rule. — In a circle, a quarter of tlie diameter multiplied by 
the circumference, is^the area. 
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'll) at, iJQulti plied by four, is tbe net all round the ball. This 
content of the surface of the sphere, multiplied by the diameter and 
divided by six, is the precise solid, termed cubic, content vrithin the 
sphere. Thus : — 

fh 

Area of a circle = 3*1416 X *- 7 -. 

4 

►Surface of a sphere = four times area of a great circle. ' 

Contents of a sphere = 3*1416 X -tt-, 

6 

Q'^vnesa shows how the area of a circle is the product of the semi- 
circumference and the senii-diameter, thus: — ^Dividing the circle 
into two equal parts, cut the content of each into any number of 
angular spaces, and expand it bo j|fat the circumference becomes a 
straight line. Thus : — 




\ 




Then let the two portions approach so that the sharp angular spaces 
of the one may enter into the similar intermediate vacant spaces 
of the other, thus constituting an oblong, of which the semi- 
diameter is one side and half the circumference the other. The 
product of their mnltiplication is the area. 

Ganesa then proceeds to demonstrate the rule for the solid content 
of the sphere, thus : — ^ 

Suppose the sphere divided into as many little pyramids or long 
needles, with an acute tip and square base, as is the number by 
which the surface is measured, and in length (height) equal to half 
the diameter of the sphere ; the base of each pyramid is an unit of 
the scale by which the dimensions of ’‘the surface are reckoned ; and 
the altitude being a semi-diameter, one-third of the product of their 



Arithmetic, Algebra, and Geometry of the Hindus, 105 

multiplicatiou is the content ; for the needle shaped excavation is 
one-third of a regular equilateral excavation, as shown in § 221. 
Therefore (unit talcen into) a sixth part of the diameter is the con- 
tent of one such pjoramidical portion; and that, multiplied by the 
surface, gives the solid content of the sphere. 

If there be one tiling which distinguishes Hindu astronoiuy from 
the modern more than another, it is in the assumed radius of a 
circle. 

The circumference of any circle being divided into 360 degrees or 
21,600 minutes of arc, then, if the radius bo supposed to be a flexible 
line wrapped along the cdtetoference, it wall cover of these 
divisions, 57° 17' 44" 48'", 

This, in every circle, is an equal in length to its radius. If 
it be reduced to minutes it becomes very nearly 3437| minutes. 

The nearest integer to this mixed number is 3438. It differs by 
little more tlian 15 seconds from the actual length, and this number 
is assumed to be the radius of%iiy circle in its own minutes of arc ; 
in ordinary cases the difference would be scarcely appreciable. 

Thus, every circle furnishes its own scale for reckoning straight 
lines, in minutes of arc. Tt is in this scale that the Hindu table of 
sines and versed sines is formed, in nearest integers of minutes, fov 
24 arcs of a quadrant, the arcs differing from each other by 225', or 
3° 45'. 

The Hindus divide the number of minutes in a semi-circle, 10,800, 
by the minutes in tie radius, 3438, and obtain 3.14136, as the 
ratio o£ the circumference to the diameter of a circle, differing from 
3.14159 (commonly assumed by us) by .00013 only! This (the 
Hindu) may have been one of the most ancient methods of calcuv 
lating the circumference of a circle from its radius. 
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ASTilONOMlCAL INSTRUiVlENTS. 

The principal instrument (if it may be so called) used by the 
Hindu astronomers was the Moon, which, from the rapidity of her 
motion, and the known places of the fixed stars on each side of her 
path, was an efficient means of determining the positions and motions 
of the planets by referring them directly, as she passed, to the 
nearest Yoga-taras of her course. 

During the day observations were made, of the sun’s altitude, and 
amplitude, and for the times of obs»'ation, by means of the shadow 
cast by the vertical gnomon of a dial, and differences of time from 
sunrise, estimated for astrological purposes. 

Bhaskara gives a brief d(^tail of a few astronomical instruments 
which were in use in his time, but he says — of all instruments, it 
is Ingenuity which is the best.” 

t 

Colebrooke, in his essay on the Indian and Arabian divisions 
the Zodiac (VoL 9 of the “Asiatic Researclies says: — 

“ The manner of observing the places of tlie stars is not explained 
ni tha original woiks cited. The Siuya Sitklluinta only hints 
briefly that the astrcmomer should frame a sphere and examine the 
apparent longitude and latitude. The commentators, Ranganatha 
and Bhudhara, remarking on the passage, describe the manner of tlie 
observation, and the same description occurs, with little variation, in 
commentaries on the Siddhanta Siromani, They direct the spherical 
instrument Golayartra to be constructed according to the instruc- 
ticns contained in a subsequent part of the text. This is precisely 
an antiillary sphere. An additional circle, graduated for degrees 
and minutes, is directed to be suspended on the pins of the axis as 
pivots. It is named Vedhavalaya, or intersecting circle, and appears 
to bo a circle of declination. After noticing this addition to the 
instrument, the instructions proceed to the rectifying of the 
Golayantra, or armillary sphere, which is to be placed so that the 
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axis shall point to the polo, and the horizon be true by a water level. 

‘‘The instrument being thus placed, the obstvver is instructed to 
look at the star Hevati, through a sight fitted to an orifice, at the 
centre of the sphere; and, liaving found the star, to adjust, by it, 
t1u» end of the sign Pisces on tlie Ecliptic. The observer is then to 
look tliroiigli tlic sight, at the Tosra star of Aswini, or of some other 
proprtsed object, and to bring the inoA^nxblc circle of declination 
OA’^cr it. The distance in degrees from the intersection of this circle 
and Ecliptic to the end of Mina or Pisces, is its longitude, dhruvaca, 
in degrees; and the number of. degrees on the nioveahle circle of 

i \ 

declination, fi’om the sann? to the place of the star, is 

its latitude, Viclvslie])a, 

Ej'Oui this (lescri|)li()u it Avill be setm that when the Yoga-tara, 
or princi])al star of an A’i>>tcnsni, is in the Meridian of any place, 
then, at the same moment, a point of the Ejeli])tic is determined, 
namely, the point of intersection of the Eelijnic with the Meridian ; 
this point is called by the HinfUis the. Kranti Paia, the intersecting 
point, of the Ecliptic, Avith a oii’<‘1e of declination. The arc of the 
circle of declination from this point lo the star is called the apparent 
latitude, and the are of the Eclijnie, from the same point to the 
beginning of the Asterism Aswini, or to the first point of Mesiia, 
ivS the star\s ap])ai*ent longitude. The ohserA^atious necessary to find 
these oo-ordinales, f(>r the place of a star, Avere not difficult to acconi- 
pHsh, os[»ecially Avhen Hindu astronomers had ditferent means for 
effecting the same object. 

The Armillary Hphere, however, was of a nature too complicated 
to be used as an instrument for making accurate observations, and 
was rather for the purposes of explanation, and of giving instruction 
on the numerous circles and motions of the several spheres of which 
it was composed. 

It consisted of at least three separate spheres, on the same polar 
axis, or Dhrm^a-Yasti, I^irst: A fixed celestial sphere named the 
Khagola, composed of circles for a given latitude, such as the horizon, 
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the equinoctial, the meridian the prime vertical, the six o’clock hour 
circle, the vertical circles tlirongli the N.E. and N.W. points of the 
horizon ; the names of these cii'tdes respectively ui this order are 
the Kshitija, the Nadi-Valaya (marked with GO Gluitikas), the 
Yamy-ottaia-Yritta, the Stananiandala, the Unmandala, the two 
Kona-Vrittas, with other circles, which remain idways the same for 
the same place. Besides these fixed circles, a moveable altitude and 
azimuth circle is attached, by a pair of pins, to the zenith and 
nadir j)oints of the Khagola, for showing the altitude or azimuth 
of any star, llie horizon bcung divided in degrees, either from the 
Meridian line or from the East and jfVst points. Secondly : Move- 
able within and round the axis of tne Khagola was the starrj’' sphere 
named the Bliagola, which comprised the Ecliptic, with the paths 
also of the moon and planets, named Kshei)a-Vritta, the circles of 
declination, or Kranti, the dimmal circles called Ahoratra-Vrittas, 
the azimuth circle through the Nouagesimal point, is called the 
Drikshepa-Vritta. The Bliagola is supported wdthiii the Khagola 
by means of two supporting ciicles called the Adhara-Vrittas, corre- 
sponding with the Meridian and horizon of the Khagola. Thirdly : 
On the axis of the Khagola produced, a third sphere is supported. 
T( is called the Driggola„ or double sphere, which is a system in 
vliicli tlu^ circles of the Khagola are mixed with those of the 
Bliagola. The Khagola and Dtiggola remain fixed, while the 
Bliagola alone revolves. 

Bliaskara also gives a brief description of several other instill- 
ments, among which are the Kadi-Valaya, a circle representing the 
Equinoctial divided into Gliatikas, and on it are the positions of 
the 12 signs, calculated to correspond wdth their oblique ascensions 
or risings at the place of ohseiwation. It is used in connection with 
tlie Khagola, whose axis casts a shadow on the circle, and is, in fact, 
an equatorial dial, the Ghatika being of an hour. 

An instrument for time, the Ghati or Clepshydra, made of copper, 
is like the lower half of a water pot A hole is made in its bottom, 
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and when placed on a vessel of water, the size of the hole is 
adjusted so that it will sink to the bottom 24 or 60 times in a day, 
hence the name Q-hati. 

The Chakra, or circle, marked on its circumference with 360'’, is 
suspended by a string, the beginning of tlie divisions being at the 
lowest point. At the centre is a thin axis perpendicular to its 
plane. When the iiistniment is turned so that its plane is coin- 
cident with a vertical circle passing through the sun, the shadow 
of the axis is thrown on some division o! the circumference and the 
arc between this point and lowest point, tlie zero of the divisions, 
measures the zenith eWstonefcor co-altitude of the sun. It is 
also used for finding the /ISgttude of a planet; for if the 
instrument be inclined, and Kdd or fixed so that any two of 
the stars Regulus, ^ Cancri, K Piscium, or ^ Acpiarii, appear 
to touch the circumference, the plane of the circle will coin- 
cide with the plane of the Ecliptic, since these stars have no 
latitude. (Spica, whose latitude is inconsiderable, 2 ' S., and other 
stars near the Ecliptic, would appear also to touch the circumfer- 
ence.) The latitude of a planet, also, which is in general very small, 
has its orbit nearly in the same plane with that of the Ecliptic, 
Looking, then, through a sight at the zero point of the circle, so 
that the planet appears opposite the axis, the position of the circle 
then remaining fixed, the eye is moved along tlie lower part of the 
circumference, so that any one of the above stars is seen oi)posite the 
axis, the arc between the two positions of the eye is the difference 
of longitude between the planet and the star ; but the longitude of 
the star being known, that of the planet will also be known.^ 

^ In tho ‘‘Philosophical Transactions/^ Yol. LXVII., p. 598, are 
drawings of astronomical instruments found in an observatory at 
Benares by Sir Robert Barker, who visited it in 1772 A.D., these were 
of large dimensions and constructed with great skill and ingenuity. 

The traditionary account is that the observatory was erected by the 
Emperor Akber. 
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The modern Armillary Sphere was of a less complicated nature, as 
will bo underslood from the. accompanying diagram, which has been 
copied from a plate dated A.D. 1720. 



Tiessenthaler describes in a cursory manner two observatories 
furnished with instruments of extraordinary magnitude at Jeypoor and 
Oujein, in the country of Malwa, but these are said to be thodern 
structures/* — RohrUon^ p. 438, 
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The ball at the centre represents the earth, with lines on its 
surface corresponding with the circles of the Celestial Sphere, 
Meridians, Parallels, &c., as also the configurations of seas, coun- 
tries, &c. 

The Zodiac was a band extending to about six degrees on each 
side of the Ecliptic, within which are confined the traces of the 
Moon’s path, in spiral convolutions and the orbits of the five planets, 
tlie field of all their encounters with each other, tlieir conjunctions, 
occultations and eclipses— natural occurrences wliich gave rise to 
the wild fancies of the astrologer, 4arl invested him with such terrible 
powers over the fears and fan^fcism of the superstitious, in whicli 
he still holds sway over of Asiatic nations. 

The Arrnillary Sjdiere held its place as an astronomical instru- 
ment till near the beginning of the present century, and was used 
for the solution of astronomical problems, until the more accurate 
instruments were introduced for observing the passages of celestial 
bodies across the meridian. 

Near the middle of the last century an Armillary Sjdiere was 
constructed by Dr. Long, Master of Pembroke College, Cambridge, 
and Lowndes Professor in tliat University. This instrument was 
‘‘18 feet in diameter, and would contain more than 30 persons 
within it, to view as from a centre the representation of the Celestial 
Spheres, The whole apparatus was so contrived tliat it could be 
turned round with as little labour as is employed to wdnd up a 
common jack.” 



CHAPTER IX. 


SOxMK KAHLY llTNDt) ASTRONOMERxS AND OBSEKVATIONS, 

[Circ. B.C. 1590---045.] 

In ti work cloaling* witili any system of science snch as astronomy, 
as studnHl ami practised by a nation, it is, of course, expected that 
some acconnt should ho given of tlm men who founded it, or, at any 
rate, devoted their attention to tho^uhject during its infallC3^ 

The history of tlie age in which they lived would, in siudi account, 
he necessarily refei'red to as a component part of it, a)ul as estah- 
lishing their place in that history. Hitherto the writer has been 
obliged to refer to the astronomers of the early periods of the Aryan 
immigration to India in purely generic terms. Although, from a 
contemplation of the Hindu system of astronomy, and from an 
examination of the Hiudti works on that science (vsome of which are 
intended to be hereafter considered), it is absolutely certain that 
there were men of great genius, living in those distant ages, having 
attainments and abilities far beyond those of avStronomers of a later 
date, yet their names arc lost, except so far as we can vaguely connect 
them with the “Rishis^^ or “Munis,” the sages to whom reference 
lias been casually made. 

In later writings of Hindu astronomers, however, there are several 
names specifically mentioned connected with ancient astronomical 
observations said to have been made by them, which observations 
assist the investigator of facts in finding a place in history for the 
bearers of those names. It is to be regretted that the history of the 
Hindu race, relating to the periods in wliicli the ancient astronomers 
lived, is so wrapped up in their mythological cosmogony and fabled 
legends, and so connected with their doubtful chronology, that no 
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gi'eat reliance can be placed npon tlie conjectures and conclusions 
made and arrived at, from Hindu writings and traditions, by various 
investigators. It is, iKiVcrtheless, iiitercstixig to trace the circum- 
stances leading to such conjectures, and, at any rate, to point to th(^ 
men wlio undoubtedly existed, and as undoubtedly assisted in estab- 
lishing, if they did not iliemselves originate, the system of Hindu 
astronomy which it is the object of this work to discuss. 

In the first place, it is necessary to make a marked distinction 
b<itween those circumstances Avhich are derived from a consideration 
of the great epic poems of the, Jlindus, the Mahabharata and tlie 
Hamayana, and even of their scriptures, such as the Vedas 

and the InvStituics of Menu, circumstances connected with 

pui'ely astronomical deductions. Still more is it necessary to hoar 
in mind, as a separate set of eiveumslances, those derived from the 
admitted fables and mythology of the Hindus. 

There are, nevertheless, to be gathered from all these data the 
certain fircts that (at a period -io be located in history) there lived 
and fiotirished in India two royal dynasties, the one styled ‘‘ The 
Children of the Sim,'' the descendants of whose family arc supposed 
to have reigned in the city of Ayodhya, and The Children of the 
Moon,” who reigned in P rati slith ana, or Vitora. It is here sup- 
posed Ijhat they were so styled according to the manner in which 
jthey reckoned their astronofmical time, whether from the use of a 
Solar or a Lunai* Zodiac. 

Of the former princes, the name standing out most prominently 
an Hindu history is that of Rrtoa, the son of Dasaratha, of the 
Solar race, the hero of the great epic poem of the Hindus called the 
Eamayana. 

The princes of the latter dynasty find a place in the other 
poem— the Mahabharata— wliich describes tho events of the great 
war between the Pandus and the Kurus, the successful issue of 
which Was in favour of the Pandus, five brothers of the Lunar race, 
the chief of whom was Yudhisthira, 


I 
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Contemporary witli tliis prince were llm two Indian astronometij, 
Parasara and Garga. Tlie precise ])criod in wlii(*.h they, and also 
Yudhi.slliirn, existed, and, therefore, the period of the Maluihharata, 
is a vexed question, which it is needless in tliis work to enter into, 
except in a cursory manner. 

Tins much, however, is most prohahle, if not certain —that Para- 
sara and Garga were men of astronomical genius, and that Yudhis- 
thira lent his powerful aid in the development of their researches, 
as evidenced by the activity apparent in the study of the heavens 
during that remote period. 

Captain Wilford, in his “Chijnology of the Hindus,^' says: — 
has been asserted that Parasara (who was contemporary with 
Yudhisthira) lived about 1180 B.C., in consequence of an observa- 
tion of tlie places of the eolures. Bxit Jlr. Davis, having considered 
the subject with the niiiiuit^st attention, authorises me to say that 
this observation must have been made 1,001 years befoiNe the 
Christian Era. This is also coiffirmed by a passage Ironi tlio 
Parasara Sanhita, in Avhich it is declared that the Udaya, or helia- 
cal rising of Canopus (when at the distance of lO”" from the sun, 
according to the Hindu astronomcrei), happened in the time of 
Parasara on the 10th of Cartiea; the difference now amounts to 23 
days. Having communicated this passage to Sir. Davis, lie in- 
formed me that it coincided with the observation (d the ]>laees ot 
the colures in the time of Parasara/^ 

Sir W. Jones found great ditficulty in reconciling tlie fabh^s of the 
Hindus, so as to obtain probable dates for the times of Yudhisthira 
and Rama. Ho says: — ‘'We find Yudhisthira, who reigned con- 
fessedly at the close of the brazen age, nine generations older than 
Rama, before whose birth the silver ago is allowed to have ended. 

Parieshit, the great nephew of Yudhisthira, whom he succeeded 
and who was the grandson of Arjuii^ is allowed, without controversy, 
to have reigned in the interval between the brazen and earthen 
ages* and to have died at the setting in of the Kali Yuga (3102 B.O.)’* 
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According to one hypothesis, Paricsliit is placed at 1029 B,C., 
and by another he would have a probable date of 1717 B.G. On the 
other hand, a hypothetical date of llama, according to Hindu 
tradition, was even so early as 2029 B.C. 

Brom various passages in the A^arhi Sanhita, it has been inferred 
that Varaha Mihira (its author) had made observations on the 
])osition of the Solstitial fVduro in his time,* and that he compared 
it with the position it occupied in the time of Parasara — a period 
when, as stated by that author, the Solstitial points were, the one 
in the middle of A^jlesha, and th^ dtiier in the beginning of Dhau- 
ishtha. Thus, ^^a passage oiled, I^Jliiattotpala, the commentator 
of Varaha- jMihira, coTresponds initUjjprt to a ])asage (pioted by ilr. 
Davis and Sir W. Jones fi’om the thud chapter of the Vai’ahi San- 
hita.” The passage referred to, and translated by Goh^brooke, is: — 
AVhen th(3 return of the sun took place fi oin tlie middle of 
Asleslia, the tropic was then right. It now takes place from 
Punarvasu.” 

Prom this and other similar ])assages, it was reckoned by Cole- 
brooke, Sir AV, Jones, and Davis, that the time when the Solstitial 
Colure occupied such a position corresponded to the year 1181 B.C., 
and that this was the time Avhen Parasara was living. 

Reckoning, however, the precession or regression of the Solstice 
at a mean aiiriiial rate of 50", the period at which the Solstice was 
in the middle of Aslerha would be 1110 B.C,, the difference between 


* From a statement of Varaha, that the sol^ices in liis time, as 
referred to by him, was one in the first degree of Carcata, and the other 
in the first of Marcara, the period when he (Varaha) lived was deduced 
by Sir W. Jones and Bailly to have been 499 of our era. Tho astrono- 
mers of Ujain place the date of Varaha at 505 A.D.; and Colehrooko 
from tho position of tho CoJures, with respect to Spica Virginis, computed 
the date to he 472 A.D. Tho greatest difference between these dates 
being 33 years, was within the duration of a man’s life, Any of these 
dates might therefore represent tho time when Varaha lived. 

I 2 
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the dates being accoimtecl for by the lower rate of precession assumed 
by Colcbrookc and others in computing the time. 

The same date (1181 B.O.) would appear to have been adopted by 
Bentley for the place of the Solstice in the middle of Aslesha, which 
agrees with certain calculations of his own from other sources. 

Hut lie does not accept the opinion that Parasava was tlicn living, 
giving reasons for supposing that the date when this asi voiioinor, 
with yudhisthira t\m\ Gnrga, flourished, and when the war of 
Bharata took place, "was some GOO years later. 

A somewhat inferior ?nethod of determining astronomical dates 
than hy means of the Col ores hj|^ sometimes been employed, namely, 
hy computing from rules given by Hindu astronomers regarding 
tlie heliacal rising and setting of a jiarticular star. ^ Thus, the 
rising and setting of Agastya or Canopus appear in India to liave 
been important on account of cindain ceremonies to ho performed 
wlieu that star appears, rising with the sun. The rising and setting 
of this star is referred to hy Varaha lliliira and others. Varaha- 
Mihira says : — ‘‘Agastya is visible at Ujjayni when the snn is T' 
short of the Ksign Virgo ; hut he afterwards adds, the star be- 
comes visible when the sun reaches Hasta, and disappears when the 
sun arrives at Kohini/' His commentator remarks that the author 
has here followed earlier writers, and has quoted Parasara as saying : 

AVhen the sun is in Hasta the star rises, and it sets when the sun 
is in Eohini,” Upon this, Colebrooke remarks that it is probable 
Parasara’s rule was foamed for the North of India. It wdd lie 
seen, however, that if the date when the star rose as indicated bo 
established, the date of Parasara’s assertion is also established. 

Bentley (as before stated) contended that both Colebrooke and 
Davis were wrong in placing the date of Parasara, and, consequently, 
of Yudhisthira, at 1181 B.C. ; and, from a theory of liis own, he 
calculates the date to have been 576 B.C. 

The passage referred to regarding the heliacal rising of Canopus 
states that the star Agastya (or Canopus) rises heliacally when the 
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sun enters the Lunar Asterism Hasta, and disappears, or sets, 
heliacally when the star is in Koldni/^ 

From the times of rising* and setting of Canopus thus given, 
IJentley calculates the latitude of the place of observation, which he 
finds to be nearly tliat of Delhi, 28"^" dS' N., and for his sux)posed 
date, 675 B.O,, he finds the longitude of Canopus 47' 10", 
the latitude 70'' 8' 32" S., the right ascension ST’ 43' 25", and the 
declination 52" 58' 53" S. 

From these data he seeks the longitude of the sun from the Vernal 
Eciuinoctial Point at the time, when the star Canopus rose heliacaliy 
at Delhi, in the year 575 ILC., whmh he finds to be 145*^ 10' 5". 

To compare this with the obserl|^'ion of Parasara, he ascertains, 
by reference to Cor Leonis, hi the ||jritish Catalogue of 1750, the 
longitude of the beginning of Hastu from the Vernal Equinoctial 
Point in the year 575 B.C. to be 145"" 4' 12". 

The diflerence being only 5' 53^', lie concludes to he sufficient 
proof of the accuracy of the ohsiiwation of Parasara. 

He further remarks that the place of observation was a few miles 
to the South of Delhi, called llastiua-puva, the seat of govcriunent 
in the time of Yudhisthira, which would make the agreement 
between the observation and the calculation still more cori’ect, 

Bentley’s contentio}x that the epoch of Yudhisthira and Parasara 
was 575 B.C. (and not 1181 B.C., as stated by others) would appear 
to receive some confirmation from certain further statements of 
Varalia Miliira, who, in the Varalii Baiihita (472 A.D., see note 
p. 115), has a chapter expressly on tlie subject of the supposed 
motion of the Rishis in Magha. 

Colehrooke says he (Vai*aha) begins by announcing his intention 
of stating their revolutions couforniably wdth the doctrine of Crarga, 
and proceeds as follows: — ‘‘When King Yudhisthira ruled the 
earth, the Munis were in Magha, and the period of the era of that 
king is 2520. They remain for a hundred years in each Asterism, 
being connected with that particular Naeshatra to which, when it 
in th^j East, the line of their rising is directed/^ 
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In this statement of Yaraha, if tlie date could bo relied npon as 
antlicntic, there is one item which would settle a much-disputed 
]K)int^ namely, 1{]ie date of the great war between the Solar and 
Lunar races of the Aryans, or the Avar betAveen the Pandus and the 
Tuirus, for yndhistliira wis the brother of the four Pandus avIio 
were the Auotors in that war, in the battle Avhich is described in the 
great Indian ])ooin, llu' aMahabarata. The period of Yudhistlura 
is here stated to be 252(), meaning from the beginning of the Kaiy 
Inga, the epoch of which is 11102 Avhich would make the date 
of I;ndlj]stliira and Parasara 576 B.C. ^ 

But there are two (drcuin stances in the above statement by Yaraha 
which bear a snspicious chara^w, and whicli may have led Cole- 
brooke to hesitate about receiving it as an authenticated fact. 
Yaraha states (1) that Yudhisthira Avas the ruler when the Munis 
or Rishis \v(n’e in Magha ; he also says (^2) they I'emain for a hundred 
years in eacli Asterism, Noav, if Yaraha intended by tliis that the 
ILinis, Avhich are fixed stars, AA’^ero moving through the fixed 
ARterism Magha, no intelligible meaning could be attached to the 
statement; but if, as before explained, it, was tlie >Solstitial Oolure to 
A\hicli he ref(^rrf‘d, and AAdiich may haA^' got tluj name of the move- 
nh]f‘ lino of the Munis Avhen it coincided with the fixed line of the 
Rishis, in ahont 1500 B.C. or 1030 B.th, the Yernal Kquinox woAild 


^ -In the Ayeen Akbery, II., p. no, it is stated that the great war 
happened in the end of the Dwapar Yiiga, 105 years prior to the 
commencement of the Kali Ynga, hoiiig 4831 years anterior to the 
fortieth year of the present reign’’ (that of Akher). 

Tho fortieth year of Akher Avas 1593 A.D. 

4831 J595 xi.T). - 3236 B.C. ^ 105 = 3131, 

commencement of the Kali Yuga. 

The commencement of the Kali Yuga being reckoned to bo 3131 B.C. 
Era of 1 udhisthira, according to Garga, per Yahara Mihira, 2526 „ 

Therefore ♦ . . * 605 „ 
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have gone back through 30"^ from 3° 20' of the Lunar Asterisni 
Crittica to the first point of Aswini, and the Solstice in the same 
time would Iiave retrograded through an equal arc of 30'^ from the 
first of Magha to 10'' of Punarvasii. 

I’lio received opinion, however, as before stated, is that Yudliisthira 
(with (hirga and Parasara) lived some time about the Pith or 13th 
c<mtiiries before tlie Christian Era, wliilst Davis believed the date 
of Paiasara to be even as early as 1301 B.d 

Contemporary with Parasara, the e])oclu also, of the Indian Prince 
Purasuraina is supposed to have been establislied. 

Purasurama is described as a great eneourager of astronomy, and 
is said to have lived about 200 ladoro llama. 

Dr. Dnchaiiaii, in his ‘‘hourncy to Maluyala" (September, 1800) 
states that the astronomers ilici o reckoned by eycdes of 1,000 years 
from Purasurama, and that of the then ourrent cycle, i)7(> years 
were expired in vSeptemher, ISOO, and that 2,970 must have elapsed 
from the epocli of Purasuranif^to the year 1800 A.D. ; from whicJi 
it is concluded that the epoch of that prince is 1170 D.C. 

The years of this epoch of Piirasxxrama are reckoned as beginning 
with the sign of Virgo, or, rather, with tln^ month of Aswiiia. 

Ac(!ordiT»g to Hindu tradition, Purasurama was a Brahmin, tvho 
had a great contest with the Ivslietrias, whom he vanquished, raid 
he also reduced to subjection the Sanehalas, a wild and barbarous 
nation said to feed on human flesh. 

One of the many Grotto teirqdcs of Kllora appears, from an illus- 
tration by Daniel, to go by bivS name, from which it may seem tliat 
he was of an earlier date than that when the temples were exca- 
vated ; blit not of a date so old as the grotto temples of Elej)lianta, 
or the still older mixture of large Buddhist sculptures in the grotto 
temples of Salsette and Karli, immense undertakings which furnish, 
like the pyramids, convincing proof of the long duration of time 
required for their couvStruction. Whatever conjectures may be 
made concerning Purasurama and his time, no one doubts that at 
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soiTU? early period of Hindu Listory, ])erliaps more definable tlian in 
tlio case of men who liave been mentioned, tlie famous liama, tlie 
liero of so inaiij adventures, as related in the liamayana and other 
poetical Avorks of tin* Hindus, had a real existence as a sovereign 
ruler of A yodhya ; but the period Avhen he lived is a cpiestion, never- 
theless, not easily det(riuined. 

'^riie Hindus place him at some time between the Indian silver 
and brazen agc's. Sir Jones, in a table of his chronology, gives, 
as the best of two supposed approximate dates, the year 1399 B.U. 

During the time of Hamaj, and that of his father, Dasaratha, a 
Avise and pious prince, the ^^Indj" of astronomy receded much 
encouragement, and Avas cultiA'a^a Avith much attention. It has 
been seen that Sir AV. Jones could derive no authentic information 
regarding him from Hindu chronological records, and, indeed, it is 
unprobable that such infoVination could be derived from a source 
AAdiich is mostly of a fictitious cbaracter. But if the Lagna or 
lI<>roscope of Hama be correctly re^ofded in the llaniayana, there 
can bo no difHculty in fixing the date of his birth. 

Bentley, from such a scmrce, calculated that llama Avas born cn 
the 6th April, 961 B.C. 

This date can be easily Axudfied by reference to the position Avhich 
each of the celestial bodies — the sun, the moon, and the fm^ pliinets 
— Avere stated to haA’-e occupied on the ninth lunar day of Chaitra, 
the snn being then in Aries, the moon in Cancer, Venus in Pisces, 
Jupiter in Cancer, Mars in Capricorn, and Saturn in Libra. Bentley 
suspects tliat these positions Avere obtaimnl as the result of modern 
calculation, and not by actual observation, for he tliinks that the 
signs were not known by these names in the time of Hama. But, 
Avhether from compute tio!tn or otheiwvise, they point out that Hama , 
Avas born on the date which he has given.” 

Further ; — “ AVhen Hama attained the age of manhood his father, 
Dasaratha, in consequence of certain positions of the planets, 
approaching to a conjunction, supposed to portend evil, wished to 
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sliarc the governmen.t with him, Dasaratha says : ‘ My star, O 
llama, is crowded with portentous planets — the sun, the moon s 
ascending node, and Mars. To-day the moon rose in Punarvasu, 
the astronomers announcuj her entering Pushya to-morrow ; be thou 
installed in Pushya. The sun’s ingress into Pusliya being now' 
come, the Lagna ot Kaikata (the sign Cancer, in wliicli Uama Avas 
born) having beg\in to ascend aboA^e the horizon, the moon forbore 
to sliine; the sun disappeared, Avhile it Avas day, a cloud of 
locusts, Mars, Jupiter, and the other planets inauspicious 
a])proaching.’ ” 

The facts pointed out here Beulley) sIioav that there aa'us an 
eclipse of the sun at or near tlie b^^inning o£ Karkata at the moon’s 
ascending node (llahii being pre!^»ti#)^ and that the planets Avere not 
far distant from each otluvi\ .Frotn these circumstances, he cal- 
culated the time to have been the 2nd Inly, 940 B.t'., and that then 
llama Avas one and twenty years old. 

Hero, hoAVever, Bcnth^y point?, ont that the beginning of Pusliya 
and that of Carcata, or Cancer, AA'ere supposed to coincides This 
implies that the Summer Sdstice aa'us then the first of Pushya, 
Avhich would make the position of the Eipiinoctial point then only 
20' short of the first of Aswini, The time for a regression 
through 3° 20' has been shown before to be about 240 years, wliich, 
taken from the epoch 570 A.l)., leaves 330 A.D. as the time when 
the first of Carcata coincided Avith the first of Pushya. 

Bentley makes the date 295 A.B. (upwairds of 1,000 years after 
the time when the recorded deeds are supposed to have happened), 
and fiom it he infers that this Avas the period Avlien the Raiuayana 
AA’^as Avritten. And he says : — ‘‘ In giving the age of the Pumayaiia 
•of A’^almika, as it is called, I do not mean to say that the facts on 
Avliich that romance Avas founded, in part, did not exist long before. 
On the contrary, my opinion is that they did, and probably were to 
b© found in Iristories or oral traditions brought down to the time. 
The author of the Kamayana Avas more a poet than an astronomer, 
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and, being nnacquainted witli the precession, he fell into the mistake 
allnd(?d to, foV I do not suppose it was intentional, as that could 
answer no purpose.” 

There is another circumstance which (Bentley says) must have 
occurred in the time of Ilfuna, i.e., the fiction of the “ ('hiirning of 
the Ocean,” founded upon the various incidents of an eclipse of the 
sun, which took place, according to his <*alculatioii, when the Vernal 
Equinox was in the middle of the Asterisin Bharani, in the year 
945 B.C., on the 25th October. 

It is a highly-coloured fable (an allegory of an eclipse) in poetical 
language — a pretended fight between the Suras and the Asuras, the 
Gods of Light and Daikuess, an^tludr offspring'. 

An account of it is given in the Puranas, but it is more fully 
d(‘scribed in the irreat poem of the Hindus, the Mahabharata (B. 1 
chap. 5), a translation of which is given by Wilkins, and trans- 
cribed ill [nil by Bentley. 

In this eclipse Saturn was discovered. He is said to have been 
‘‘born in the moon^s shadow, Avhich pointed toAvards the Lunar 
Asterism Kohini.” 

The name given by the Hindus to the new planet was Cliaya-Snta 
(Offspring of the Shadow^). 

It is furtlier supposed as probable that the TLeogony of tlie 
Hindus was invented at about this period (945 B.G.), and that the 
lioavons w^rc' then divided, and shares of it assigned to the several 
Gods. 

A translation from Hesiod, given by Benth^y, describes the w^ar 
between the Gods and the Giants, a fiction resemWing that con- 
cerning the “Churning of the Ocean” of the Puranas, the former 
being supposed by Bentley to be borrow'ed from the Hindu fable 
at a period some 200 years later, or about 746 B*C. Bentley, in 
tins connection, enters largely into a comparison of the mythology 
of the Hindus, the Chaldeans, the Egyptians, and the Greeks ; bnt 
it will be needless in this work to follow him in such a comparison* 
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It is also stated hy Bentley that in tlie same year (945 B.C.), 
ac(iordino* to observations then recorded, the Solstitial Colure cut 
the Lunar Asterisms Asleslia in 3° 20' and Sravana in 10°. 

L’oelvoinng from the fact that the Hindu solar months always 
begin at the moment tlic sun enters a sign of the Zodiac, and the 
day on ^^]lieh the eclipse hap]>ened being the 23rd of the montli 
Karliea, it is deduced that the first day of the montli fell on the sixth 
day of tlie moon. This being the time of the Autumnal Equinox, 
it was found by observation that the Colures had fallen back in 
respect of tb<' fixed stars 3'^ 20' since the former observations in 
1192 B.C.’’ 

It will be observ{*d that, froi^jj^this retrograxh" motion of 3"" 20' in 
247 years, the mean annual rate of precession ( 48 ^-^tf") xnay bo 
readily found. In the same period of 247 years and one month 
they found that the moon had made 3,303 revolutions, and one sign 
over, that there were also 3,05G lunations or synodic periods, and 
the number of days in the whole period was 90,245-2/^ 


Fron: these data it is easy to deduce : — 

Days, 

hrs. 

mins. 

secs. 

The lengili of the tropical year . . 

365 

5 

50 


,, ,, ,, sidereal ,, • . 

= 365 

6 

9 

52^H^ 

„ moon's tropical revolution . . 

= 27 

7 

43 

5 

„ lunar mouth . . 

-- 29 

12 

44 

3 


Now, there is nothing improbable regarding the observations 
thus stated by Bentley. They arc just the kind of observations the 
Hindu astronomers were constantly making, to determine the days 
when the sun was in an Equinox or a Solstice — those four days of 
the j^ear when sacrifices and offerings were to be made to the 
Supreme Being — observations which, as expressed by Laplace, re- 
sulted in ^‘the remarkable exactness of the mean motions which 
they (the Hindus) have assigned to the sun and the moon, and 
necessarily required very ancient observations.” 

Bentley, moreover, from a study of the ancient Hindu calendars, 
and from the circumstance that the period of 247-5-V y^^ars con- 
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tainod a inoiitli “more than 247 years, co3isidei'ed it obvious that 
this period must begin and end with the same month of the year 
and that tlie next sxtcceeding period would begin with the month 
following, and thereb)' change the commencement of the year one 
month later each period; and, moreover, as there was a complete 
number of lunations (3,050) in the period, it follows that the moon's 
age would be always the same, at the commencement of each 
succeeding period.’’ 

This Avould prove that in these early times the solar year was 
tropical, .and estimated from Equinox to Equinox, just as it is in 
our modern system, only that its beginning would be a month later 
in each period of 247-|^-j years. ^ 

In accordance with this statement he gives tlie following ‘‘ Table 
of all the changes made in the commencement of the Hindu year 
from 1192 B.C. down to 538 A.H., when the ancient method was 
entirely laid aside, and the present, or sidereal astronomy 
introduced : — r 


1 1192 B.C. 

2 915 „ 

3 098 „ 

4 451 „ 

5 204 „ 

0 44A.D, 

7 291 „ 

8 538 „ 


1 1 

1 

i Months beginning 

1 the Period. 1 

! i 

^ i 

a 

. 

‘C iJCaJ) 

V Q a 

^ o C3 
etf ~ 5® 

§8^ 

, Sun’s longitude at ^ 
the beginning, j 

m fcil 
>0.5 
s a 
c 

bfl'S, 

5 4) 

o 43 

O ^ 

: 

Calendar, 

Corresponding day 
of European 

1 months. 

i i 

Aswiiia 

Cliitra 

/■ o 

»> 0 

7 12 

Shaaty Adikulpa . . 

Lsfc Sept. 

Ktirtika 

Vlsakha., 

G 0 

8 12 

Guha Shasti . . 

1st Oct. 

Agrahayanti 

Jyostha,, 

7 0 

9 12 

*Mitra Saptaini 

29th Oct, 

Ptiusha 

P. Ashadha 

8 0 

10 12 

.... 1 

27tli Nov 

Miigha 

yravana . . 

9 0 

11 12 

♦Bliascara Saptami 

25th Dec 

I^halguna 

Satakislia 

10 0 

0 12 

.... 

23rd Jan 

Chaitra 

U. Bhadrapada 

11 0 

1 12 

.... 

23Bt Peb. 

Vaisakha . . 

i 

Aswiiii . . 

0 0 

2 12 

1 

^Jaluxu Saptami * , 

22nd Ma 


The preceding table, founded upon eight successive periods, each of 
247“{^3- years, derived from corresponding retrograde progressive move- 


♦ Names of the Sun^ 
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ments of the Ec|uinoctial and Solstitial Coliires, forms the basis 
of Bentley’s system of astronomical chronology of the Hindus, 
terminating with the daie 22n(l March, 538 A.D. 

The Hindus themselves state that the great change in their 
astronomical system, from a moveable to a fixed origin, a point of 
the I'kdiptic, from which tlioir longitudes are now I'echoned, was 
made when the Vernal Equinox coincided 'with the first point of 
the Lunar Asterism Aswdni. The date when tliis occurred is stated 
as above, by Bentley, to have b^en 538 A. I). ; by (^olebrooke, from 
the mean of two calculations, 5S2 ; by the American transla- 

tors of tlie Surya Siddhanta, .j|0 A.P., W'hich is reckoned from the 
longit iide of s Pisciurn.* 

The diiYerences in these" vsovci'al dates arise principally from the 
diiTercnt estimates of the precession whieh are used in the respective 
cahniUiTions, for a variation of half a second in the precession pro- 
duces a (lififereiice of twelve years in the calculation over 1,200 years 


t " .4, * " " 

V ' 

f 








■iS' Cusiiir-uiirgcpur)^ 








The longitude of K Piscium in 1800 was about 6', it is of the 
fifth magnitude, and 110' West of the beginning of Aswini. 



CHAPTEE X. 


lilSE OF THE iJUDDHiST HERESY AND ITS EFFECT ON HINDU ASTRONOMY. 

[/i.a 945— 200.] 

According to Eergusson, ‘‘tlic inhabit a uts of tlio Valley of the 
Ganges, before tlie Aryans reached India, seem to liave been tree and 
serpent worshippers, a people without any distinct idea of God, but 
appax^ently worshipping their ancestors and, it may be, ijxdulging 
in human sacrifices/’ /| 

Undoubtedly, however, when th<F^Aryans spread into the country, 
as we have seen, from the Xorth-west, tliere arose the religion of the 
Brahmins as the dominant faith extant in the periods referred to 
in the last chapter. The evidences afforded by the contents of the 
Vedas and the Iirstitutes of Menu, wdiieh are almost universally 
regarded as having been compiled pFiOr to 1000 B.C., incontcstibly 
pi'ove the then existence of the Brahminical faith as an organised 
and settled system, although probably much of the antecedent 
savage worshij) still remained. 

No 1‘eference, however, can be found in the Hindu writings of 
later date (so fur as the writer has been able to ascertain) of any 
authentic value, to the pei iod which succeeded that (circ. B.C. 945), 
dealt with in the llamayana, until the appearance of Buddha. 

In the sixth century B.C./’ continues Fergussion, ‘‘ Sakya Muni 
(Buddha) reformed this barbarous fetishism into , a religion now 
known as Buddhism, and raised the oppressed inhabitants of 
Northern India to the first rank in their own country. .... 
The castes of the Aryans were abolished. All men were equal, and 
all could obtain beatitude by the negation of enjoyment and the 
practice of prescribed ascetic duties.” 

Buddhism, as introduced by Sakya Muni, appears to have spread 
into tho North-east of India, Cashmere, Thibet, Burmah, and to 
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CHna. The remains, still existing, of Buddhist temples, and the 
names to be found in the several districts, appear also to indicate 
that this religion extended across Central India to the Mahratta 
country, to Malwa, the Deccan, and to states bordering on the 
Tferbudda River (a name of some significance in this connection), 
and further, to Western India, and findly to Ceylon. In this pro- 
gress, its votaries established themselves at various centres, such as 
Dhnr, Bang, Ellora, Bhilsa, and, in some measure, at Oojein, each 
of whi<‘h places has its own fragmentary liistory, separalely from 
the others, in connection with thic rise and establishment of 
Buddhism in the country. , 

We have, however, no authmdwiuslory of India previous to the 
invasion of Alexander in 350 B.C. 

From the officers and nuui of science, who accompanied him in 
his expedition, ^ve gather some information of much value regarding 
the condition of the people at this time. The account represents 
them as a great and powerful imtion, the country as divided into a 
number of kingdoms of great extent, and popidation — a description 
which implies that it must have taken long periods of time for the 
trrowth and consdidation of the then nation. The Greeks, also, 
accTimulatcd much information regaiding the physical character of 
the territories which they had entered, with respect to soil, produc- 
-tions, and climate, thougb the extent of country over which they 
liad an opportunity of huming an opinion w\as limited to a portion 
of the Punjab, and to the borders of the provinces through which 
they passed, along the banks of tln^ Indus, in the famous voyage 
down 1,000 miles of that river, which took them nine mouths to 
I each the ocean. 

la the brief time during Avjiicb they renuuned in the .loimtry 
they learned that the people were divided into four classes, or castes. 

The highest, as a sacred body of divines, held supremacy over the 
rest. It was their province to study the principles of religion, to 
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conduct its offices, and to cultivate tlie sciences, in the capacity of 
priests, philosophers, and teachers. 

The class next in ordei', the warrior caste, held the position of 
rulers and maf^istrates in times of peace, and of commanders and 
soldiers in war. 

Tlie third class consisted of the hiishandmen and merchants, and 
the fourth of artisans, labourers, and servants. 

They noted also the character of the inhabitants, their political 
and social institutions, their manners and customs, with everything 
else that came under their own paiticular ohservation. 

These were all narrated witli itfjnutc accuracy, insomuch that, to 
our countrymen who liave heeiftong familiar with similar things, 
it has appeared wonderful how little they are changed from what 
they were twenty- two cenhiricwS ago. 

Soon after the death of Alexander, tlie several kingdoms which 
had opposed him became united under one ruler, a man of low 
origin, who had tisurped the throfie of Maghada, after killing his 
own sovereign. This monarch, called by the Greeks Sandracottus, 
but named in India Chandra Gupta, became king in 343 or 315 13.C. 
His court was held at l^atalipntra, or Palibothra, a city described 
as being exceedingly large and populous, whose sito is now un- 
known, but believed to be that on which Patna is situated. 

Poth Chandra Gupta and his son, Bindtisara, appear to have been 
Hindus of the true orthodox faith; but Asoka, the grandson of 
Chandra Gupta, became a convert to Buddhism, between the par- 
tisans of which persuasion and those of the Brahminical faith a long 
controversy had existed. 

On the death of his father (circ. 266, or 263 B.C.), Asoka became 
the great patron of the new faith, and presided over the tliird 
Bxiddliist^ Council held in 245 or 242 B.C* 

^ The founder of this religion, ©dkya-Muni, or Gautama Buddh, was 
a prince of the Solar dynasty, who for a long period subsequent to the 
advent of the Aryans into India, had held permanent sway in Ayodi<t— * 
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Professor Max Muller obseives: — Though Buddhism heoame 
recogtiised as a state religion, through Asoka, in the third century 
only, tlaue can he little douhl that it had been groAving in the minds 
of the people for several geiAevations, and though there is some 
doubt as to the exact date ot' Buddha’s death, his traditional era 
begins 543 B.C , and we may safely assign the origin of Buddhism 
to about 500 B.C.’^ 

Ikuitley says, regarding the fifth astronomical period of his 
Chronology, marked in bis table (p* 124) as beginning on tlie 25t]i 
December, 204 B.C., that the Hindu year began with the month of 
Magha, at the Winter Solstice, in the first point of the Lunar 
Asterism Sravana, marked in tht^laletidar with the word Makari 
Saptami, denoting that the sun entered i^apricorn on the seventh of 
the moon. Somctmics it is marked Bhaskara Saptami.^’ 

Noav, since the third Buddhist Council is stated by Max Mxiller 
to have been held in 245 or 242 B.C., and by horgusson at about 
250 B.C. (at which period Budffliism was the state religion), and 
from early caves of Behart Fergusson deduces that the time of 
Dasaratha, the grandson of Asoka, mtist have been about 200 B.C., 


the modern Oudo. About the 10th or 12th century B.O., they were 
superseded by another race of much less purely Aryan blood, known as 
the Lunar race, wdio transferred the seat of power to capitals situated in 
tE.e northern parts of the Doab. In conse(j[uence of this the lineal 
descendants of the Solar kings wore reduced to a j^efty principalty at 
the foot of the Himalayas, Avhoro Sakya-Muni was born about 623 B.C. 
He spent many years in meditation and mortification us an Ascetic, to fit 
himself for the task of alleviating the misery incident to human existence, 
by which he had become painfully impressed, and for forty-five years he 
steadily devoted himself to the task he had set before himsolf, wandering 
from city to city, teaching and preaching and doing everything that 
gentle means could effect to disseminate the doctrines which he believed 
were to regenerate the world and take out the sting of human misery.*’ 
The date of his death has been estimated both by General Cunningham 
and Professor Max Muller to have been 477 B.C,, but no certainty is 
entertained as to the period- 
X 
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it follows ‘that Dasaratha must have lived at a period somewhere 
near the beginning of Bentley’s fifth astronomical period * 

Witli regard to the position of Indian literature at this time. 
Professor Max Mnller says, ‘'that in the third century 13.C., the 
ancient Sanscrit language had dAvindled down to a mere Volgare, or 
Pracrit, and tlie ancient religion of the Veda had developed into 
Buddhism, and liad Ixn^n su}>iaseded by its own offspring', the state 
rtligion of Asoka, the grandson of Kandra Gupta/’ 

The subjects of discussion in tlie controversy between the Orthodox 
Brrihminc and the Bnddliists appear to have been princi]ially on the 
assumed divine authority of the Vcclas, the utility of sacrifices and 
ceremonies for the dead, and inicpiity of killing animals for 

food. The Buddliists, moreover, were regarded as heretics by par- 
tisans of the other faith. 


Ferguson, a great authority on the Arcliitectiiro of India, remarking 
upon the times here referred to, says: — ^‘The Aryans wrote books but 
they huilt no buildings. Their ronftaiiis are to he found in the Vedas 
and the Laws of Menu, and in the influence of their superior power on 
the lower races ; but they excavated no caves, and they reared no monu- 
ments of stone or brick that wore calcidated to eiiduro after having 
served their original and ephemeral purpose. 

Our history (Indian Architecture) commences with tlie Architecture 
of the Buddhists. Some of their monuments can bo dated with certainty 
as far back as 250 B.O., and we not only know from history that they 
are the oldest, but they bear on their face the proofs of their primogenituio. 
Though most of them are carved in the hardest granite, every form and 
every detail is so essentially wooden, that w^e feel in examining them 
that Ave are assisting at the birth of a now style. 

*‘The circumstances of the arcliitectural history of India, commencing 
Avith Asoka, about 250 B.C., and of all the monuments for at least 600 
years after that time being Buddhist, are tAvo cardinal facts that cannot 
be too strongly insisted upon or too often repeated by those who wish 
to clear away a great deal which has hitherto tended to render the 
subject unintelligible. 

“ The principal monuments by Avhich Asoka is known to us are his 
inscription^. Throe of those are engraved on the living rock, one near 
Cuttack, on the shores on the Bay of Bengal ; another near lonaghur, in 
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About 204 B.C. (according to Bentley) “ improvonierits were made 
in astronomy; new and more accurate tables of the planetary 
motions and positions were formed, and equations introduced. 
Besides these iniprc»vemeuls, the Hindu history wns divided into 
]>eriods for chronological purposes, wliich periods, in order that they 
might never be lost, or, if lost or disputed, might, with the assistance 
of a few data, be again recovered, were settled and fixed by 
astronomical computations,’^ in the following manner: — 

^‘Tho years with which each period was to commence and vnd, 
having been previously fixed on, enters then, by computa- 

tion, determine the month atul tjie'm&oirs age, on tlio very day on 
M'hich Jupiter is found to be in Conjunction with the sun in each 
of the years so fixed on whicliy being re(‘ordod in the calendar 
and other books, might at any time bi^ referred to for cleaving uj) 
any doubt, in case of necessity; 

P'or two or three c-onluvies liefore Asoka l)egan liis reign, tlierc is 
an unaccountable dearth of information regarding the astronomy of 
that period. Bentley suspected that there had been a great destruc- 
tion of manuscripts. 

He states that there is still a tradition that tlie “ Maharastras, or 
Maharattas, destroyed all the ancient works, that the people hid 
their books in Avells, tanks, and other places, but to no j)urpose, for 


Guzerut, 1,000 inilos of the last; and a third at Kapur di Giri, 000 miles 
north of lonagliur. 

“ Slightly more architectural than these are the Lats or pillars, erected 
to ooiitain edicts conveying the principal doctrines of the Buddhist 
religion as then understood. 

*‘One of them is at Delhi, having been re-erected by Ferozo Shah in 
his palace, as a monument of his victory over the Hindus. 

“ Three more are standing near the Biver Giinduck, in Tirhoot ; and 
one placed recently in the Fort of Allahabad. A fragment of another 
was discovered near Delhi, and part of a soventli was used as a roller on 
the Benares I'oad by a Company’s officer.”-* Ferynson's Indian ArcJiiieciur(\ 
Vol IL,p. 458. 
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liarcllj any escaped, and those that did then escape Avere afterwards 
picked up by dcgiees, that none Averc alloAA'cd to be in circulation, 

. , , Which Avill (he wsays) accotiut for the paucity of ancient 

facts and observations that have reached our times.’' 

In the above period he could find only one observation Avorth 
mentioning, in 215 B.C., AAdien it AA'as found that, at the Winter 
Solstice, or the beginning of the solar month ilagha, the sun and 
moon Acere in conjunction at sunrise on a Sunday. 

It may be as Bentley lias remarked, that there Avas a search made 
for manuscripts at this period of Hindu astioiiomy ; but certainly it 
Avould not bo made for the purpose of destroying them, and it is pro- 
bably OAving to such a search tl^ so many manuscripts have been 
preserved,* It may be that the search was made at the instance of 
the learned men of the time, for the purpose of restoring their 
ancient literature and science. Amongst the »Tyotishticas, the 
manuscript relics would be preserved AAdtli care, but many of iJie 
families would have become extinct, and their Avritings would have 
found their Avay into foreign luincfe. Many, also, would have been 
lost. Nevertheless, there can be no ilonht that in the ancient 
niitings of that period were found tlie materials from which were 
compiled and condensed the relatively correct mean motions of the 
planets, and tlio rules of astronomy and mathematics, given in tlie 

* The numher of separate works in Sanscrit, of which manuscripts ar*' 
still in existence, is estimated by Professor Max Mullor to amount to 
about 10,000, which makes him exclaim, “What would Plato and 
Aristotle have said, if they had boon told that at their time there existed 
in that India which Alexander had just discovered, if not conquered, an 
ancient literature far richer than anything they possessed at that time in 
Greece?’ 

We can readily conceive that amongst these manuscripts there arc 
dramas and works of fiction innumerable, and treatises on literature and, 
science, hut there is little hope of their being completely investigated 
and sifted, and only like nuggets in a mine are the really valuable works 
likely to be found accidentally. 
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text books preserved in different parts of India, and from Tvbiclx 
yroro computed tlie various tables already mentioned. Some of 
tliose >vero carried into Siam (probably by ancestors of the Iluddhist 
priesthood of that country, whei'e they were finally driven from 
India), and bear evidence of their Indian origin, by the corrections 
required for the difference of longitude of places, in tlie two coun- 
tries. It is not iinpiobable, also, that the Buddhists who found a 
iiome in China wlien their rulers were compelled to retire from llin- 
dostan, in the persecution instigated by Saiicara, and XJdaj^anu 
Acharya, by princes of the Vaishnava and vSaiva Sects, carried with 
them tables of a like cliaracte3P«^% Again, tliere were, no doubt, 
among the manuscripts sought^ many ancient mathematical works 
which have been cited as a\ithoritxe's in later works, and which must 
have been in existence at the times when they w^ere quoted in such 
later works. 

Thus, in 1150 A.D. we find Bhaskara mentioning the names of a 
number of works on algebra, which he must have had jr^ his 
possession when he wrote the following lines at the conclusion of 
his work on the Vija-Gaiiita, or Algebra, commending his elemen- 
tary w ork : — 

(218) ‘'As the treatises of Brahmegupia, Svidhara, and Pad- 
manabha are too diffusive, I (Bhaskara) have compressed the sub- 
srtance of them, in a well-seasoned compendium, for the gratification 
of learnei's.’’ 

(219) ‘‘For the volume contains a thousand lines, including precept 
and example. Sometimes exemplified, to explain the sense and 
bearing of a rule, sometimes to exemplify its scope and adaptation ; 
one while to show variety of inferences ; another while to manifest 
the principle. For these, there are no end of instances, and there- 
fore a few only are exhibited,” 

In the body of the Vija-Ganita, Bhaskara also cites from Sridara 
and from Padmanabha’s Algebra, and repeatedly refers to other 
writers in general terms. Where his commentators, who must have 
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luul tho works in tlieir possession, xiiiderstand liim to allude to 
Aryabluitta, Bralxmegupta, and llie Scholiasts, Chuturveda, Prithu- 
daca Swaiui, and other writers, ('olehrookc says; — “A long and 
diligent research in various ])arts of India lias, howcviu', failed of 
r(»covering' any ]>art of tlie Padnuiiuibha Vija, or Algebra, of 
Vadinanabha, and of the algebraiii and other works of Aryabhatta.’^ 
J'hcre can, however, be no doubt that, judging from the extracts 
i^ixen, and from references of Bhaskara and other writers, many 
jnevious works were existing, and some of them doubtless oonipile<l 
at the time (200 B.C.), when, as Bentley says, there uas a great 
revival and reconstruction of tl^IIindu astronomy of that date. 

Colebrooke was more fortunate in regard to Sridliara and Brah- 
nugupta. Ho pos.^cssed Sridhara^s Arithmetic and an incomplete 
(‘0]>y of the text and Scholia of the Brahma Siddhanla, revised and 
edited by Brahmegupta, wbich will bi more jtavticiihirly described 
furtber on. 

In the thii’d volume of the “Asiatic Besoarches,’’ Davis, near the 
end of the last century, referring to tlie ancient writers named by 
{k)lebrooke, reinaiks that “almost any tiouble and expense would 
be compensated by the possession of the three treatises on algebra 
from wJiicli Bhaskara declares he extracted his Yija-Ganita, and 
which (in Bengal) are supposed to he entirely lost.’^ 

The suggestions that ciupiiries should be made for the works by 
Europeans who had access to Oojeiu have been acted upon, but 
without success. 

TTius, the paucity of material su])plicd to the narrator of the events 
relating to the period under consideration, forbids an exhaustive 
discussion of the state of astronomy at that date ; but much may, 
luwcrtheless, be gathered from isolated circumstances. 

The success of the revolution which made Buddhism the state 
religion ivs supposed to have been owing to a great increase in the 
population, and a wide-spread discontent amongst the lower orders, 
which found in the new government a relief fi’om the severe dis- 
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cipline of the Brahniiiucal and other higher classes. Caste was 
abolishoch and the freedom of the subject asserted. The overthrow 
of the Aryan rule was, tlierefore, easily accomplished. We can 
only form conjectures regarding the attitude of the Brahmins in 
this conjuncture of their affairs. It may be that some of them 
temporised with the ruling powers, coin])elled by circumstances to 
conform to the spirit of the times, and appeared as converts to the 
new faith, concealing their opinions to avoid perseention. Others 
appear to have turned their attention to literary pursuits, and created 
those allegories, fables, and tales of fiction, which have since been 
the amusement and hj-rmed the mythology of the country lor many 
centuries. \ 

It does not, however, afipcaj:; tlitib cruelty or persecution was 
ever practised towards their itdversaries by tlie Buddhists. The 
tendency of their leligion was to promot(5 the advancement of their 
faith by gentle meiins, anu to obtain proselytes by peisuasion. The 
Brahmins, therefore, apjiear t^liavo been allowed to carry on their 
studies in peace and withtjnt molestation. 

Tlieir Sanscrit schools must have been conducted upon nearly the 
same principles as they are now, the love of their ancient language, 
dosceiiding in families which tracked their lineage backward to men 
who lia\e been (listinguisiuHl for their learning at various ])eriod.s 
of tlnnr liistory ; and at all tiuu's there were amongst tliem men 
learned in the four Ye das, and who had attained to the rank and 
title of Achaxya. 

It is surmised that at some time during the Bhuddist supremacy 
the various sects of astronomers of that period were led by their 
liberal rulers to a freer intercourse with each other, that the tolera- 
tion which they thenivselvcs appear to have practised was encouraged 
among the teachers of different systems of astronomy, who neio 
nllow^ed to discuss their diverse doctrines, or to discourse upon them 
at the courts of the Buddhist princes. This tended to promote a 
better understanding of their respective systems, from which a 
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luutual improvement in metliods of calculation and observation 
was adopted in tlieir teacliing and in tlieir text books. 

It was by means of lliese Sraiscrit seminaries (wliicli liave existed 
IVoin time iiiirueinorial) tliat tlieir learning lias been transmitted 
from age to age, either orally or by Avriting, and condensed to the 
merest forinulx* in Avcrds^ seemingly framed for the memory, as a 
supidement to the teachers’ lectures, and which Avould supply the 
ex])lanations and proofs necessary for fully understanding their 
iiu])ort and uses. 

In the Buddhist period llie men of learning, sages among the 
Bi'ahmins, retired AAilh their disciples and adherents to their quiet 
rural homes, and there composed, j^nn piled, or revised, many of ihe 
Avorks of literature and science. These have escaped the raA\ages of 
time and the many vicissitudes to which they have been exposed 
daring so many subjequent centuries. 

From an examination of these Avorks, it Avould appear that (heir 
teaching in astronomy Avas theoretical, founded upon rules Avhich 
had been constructed by the Munis of ]^‘C(‘eding ages, and their 
calculations were based on astronomical tables that had become 
obsolete, conseipient upon a scA^erance of theory from j)ractice. 
Through neglect in a])plying the necessary corrections (Bija) to the 
mean motions, errors in them, multiplying and increasing year by 
year, Avould seem to haA^e caused the whole system of their astronomy 
to Ijecome so confused, that rules relating to conjunctions, opposi- 
tions, and other phenomena, though demonstrable and true (Avhen 
applied AA’ith correct numerical constants), became now comjdetely 
at A'arianee with the facts of observations, and hence the calendar 
became utterly untrustworthy. 

In the subsequent reconstruction of their astronomy, there is 
evidence of tlie great use that Avas made of the Vija-Ganita, the 
ancient algebra of the Hindus, regarding Avhich the testimony in 
every form tends to show that it had its origin in India ; and to lEe 
ancient astronomical works were often appended separate treatises. 
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in the form of chapters on arithmetic, algebra, mensuration, spherics 
and trigonometry. 

We are informed by Indian authorities that the earliest hnowii 
uninspired writer on astronomy was a mathematician named Aiya- 
bhatia, who lived near about this Buddhist period. He seems to 
have been of a sect somewhat different from the ortliodox Brahmini- 
cat astronomers of a later time. He was skilled in the application 
o£ algebra to questions in astronomy, and is reported to have been 
acquainted with an analytical method of solving problems, which 
went by the name of Cuttaca (translated, Pulveriser,’' from Cutt, 
to grind, or Pulverise) — a iucth(^l resembling one of our own for 
the solution, in all cases, of 'rn^erminate equations of the first 
degree. This method will be described more fully hereafter in 
connection with the Brahma Siddhanta. 

Aryabhatta wrote a number of works on astronomy, which are 
novr known only by quotations from bis writings, given by Brahme- 
gupta and other subsequent aslronoiiners, for the purpose of con- 
troverting the doctrines itfdintained in them. It is in general by 
these citations that Aryabhatta was known as a very eminent 
astronomer, who was at least anterior to Bralunegupta, and probably 
flourished in the beginning of the Christian Era. 

C’olebrooke, from various considerations, concluded that he must 
unquesiionably he placed “earlier than the fifth century of the 
Saca, and probably so, by several (by more than two or throe) 
centuries, and, not unlikely, before either Saca or Sambat eras.* 

“ In other words, he flourished some ages before the sixth century 
of the Christian Era; and perhaps lived before, or at latest soon 
after, its coinmencement.’’ 

Prom the quotations of Brahinegupta we learn that Aiyabhatta 
maintained the diurnal rotation of the earth round its axis. The 
starry sphere “ he aifiims is stationary, and the earth, making a 


^ Sambat era, 56 B.O., Saca era, 78 — 9 A.D, 
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iev(^lntioi\, produces the daily rising and setting of the stars and 
planets.*’ 

To which Brahmegupta answers : — “ If the earth move a iniiuue 
in a prana, then whence and in what loutc) does it proceed? Tf it 
roll, then wliy do not lofty objects fall? ” 

The conjinentatorof Brahmegupta, Prithudaca Swami, replies : — 
“ Aryabhatta*s opinion appears, nevertheless, sati.bfactory, siru'c 
planets cannot have two motions at once ; and the ol)jection that 
lofty thingfi would fall is contradicted, for every ,day the under ])ai t 
of the earth is also the upper, since, wherever the spectator stands 
on the earth’s surface, even that suot is the uppermost point.”* 
Prom nuniercnis quotations m Bhattopala and other eniiinuU 
Indian mathematicians, it was also kiiotvn that ‘'Aryabhatia 
accounted for the diurnal rotation of the earth on its axis, by a 
wind or current of aerial fluid, the extent of which, according to the 
orbit assigned to it by him, was little more than <me hundred miles 
from the surface of tlio earth.” • 

Also that he possessed the true theory of the causes of ‘‘lunar 
and solar eclipses, affirming the moon to be essentially dark anti 
only illumined by the sun; that he noticed the motion of the 
Solstitial and Ihiuinoctial Points, but restricted it to a regular 
oscillaiion, of which he assigned the limit and the period ; that he 
ascribed to the l^picycles, by which the motion of a planet is repre-^ 


^ The theory that the earth moves daily round an axis, and that it lias 
a motion round the Sun as a kind of centre, which is completed in a year, 
is a doctrine so far removed from the evidence of our senses and so con- 
trary to our daily observations, that before the proofs are understood, if 
it is received at all*, it will be received as a mere opinion of men better 
able to judge of such matters, which may or not be true. 

In the times of Copernicus, Kepler, and Galileo, it is not therefore 
astonishing that a theory which was so contrary and so entirely opposed 
to that which had been so universally received, and which had prevailed 
in all countries from the beginning of the world, should have been met 
with ridicule, and with the persecution of its authors and their followers. 
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sented, us a form varying from the circle and nearly elliptic ; that 
lie recognised a motion of all the nodes and apsides of all the 
primary planets, as well as of the moon. 

“The text of Aryabhatta specifies the earth^s diameter 1,0130 
Yojanas, and the earth’s orbit, or circumference of the earth’s wiiul, 
0,093 Yojanas. 

“The ratio here enijiloyed of tlie circumference to the diameter is 
22 to 7, an approximation nearer than that which both BrahuH*- 
gupta and Sridhara employ in their mensuration. 

“ He treated of algebra, etc., under distinct heads of Ciittaca, a 
problem for the resolution, of mjfetenniuate ones, and Vija, principles 
of computation, or analysis iii 

Aryabhatta is cited, acccu’ding to |he statement of (lolebrooke, 
by a thousaiul Hindu writers on astronomy, “ as tbe author of a 
system and founder of a sect in this science.” 

It is slated that about the middle of the eighth century of our 

era tlie Arabs first became acquainted with, the astronomy of the 

. > 

Hindus. A Hindu astrologer and mathematician w^as drawn to 
the court of the Abbassido Klialifs, Almaiisur and Alinaniiin, and, 
by order of the Khalifs, tlie Indian mean motions of the planets 
were made the foundation of the Arabian astronomical tables. 

At this time the ditRculty of obtaining an insight into the 
Indian sciences was made the subject of complaint by the Ai abic 
authors of the Tarikhul hucama, who assigned as tbe cause tlie 
distance of the countries and the various impediments to intercoui se. 

The three primitive sects into Avhich the Indian astronomers were 
divided differed from each other, amongst other things, in tlieir 
inode oi' beginning the astr*momical day, and their names were 
Audayaca from Udaya rising, Ardharatrica from Ardharatri Mid- 
night, and Madhyandinas from Madyandina Mid-day. 

The founder of the first of these sects was Aryabhatta, who is said 
to have had more correct notions of the planetary motions than any 
of the winters who lived in later a.<^es. He is mentioned as having 
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made corrections in a system received by bim from earlier sources, 
and referred to as that of Parasara, from whicli lie took the numbers 
for the mean motions of the planets. It is probable that the earlier 
sources here referred to were his father aiid other astronomers, who 
^vin'e living during the period of the Buddhist supremacy or after- 
wards, when Vicramaditya became tlie ruler at IT join. 

Tt is probable that about this time (200 B.C.), when the revival 
of the lEiudu astronomy began, the allegory of the death of Durga 
u as invent(*d by the Brahmins for the purpose of keeping in remem- 
brance the decadence of their favourite science, and its subsequent 
revival. 

The death of Durga is still sflmetimes represented in private 
spectacles, wherein large figures are constructed to take part in 
tableaux illustrating some of the scenes described in the Bamayaiia 
and the Atahabharata, such as Rama's lament over the death of 
lAiksmi, and others of a like nature. Plate XII. is taken from a 
pliotograph of figures representing \he calamity which overtook 
Hindu astronomy at this eventful period. 

The great importance given to time as a mighty worker of events 
tvas w^ell understood in its personification as Siva. Years were 
])ersonified as his wives, one of whom, Kalee, was described as an 
insatiable monster devastating whole countries, which was in earlier 
times but a figurative ^vay of expressing that such and such years 
had been calaanitous in famines, pestilence, and wars, which would 
have depopulated the world, had not Brahma personally interfered 
with Siva and induced him to keep his wife in order. Siva, 
hewildered, had no other means of stopping her madness than by 
throwing himself at her feet, and only as she was stepping on his 
body did she become aware of the disrespect she was showing to 
her husband; and, from shame, she then ceased from her 
devastations. 

Durga, an astronomical representation of the year, and also a 
wile of Siva, was of a higher caste. She was the daughter of 
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Dakslia (a representation of the Ecliptic). But Siva was regarded 
by the higher class of gods as a dissolute character, with snakes 
and other reptiles crawling over liim, alluding to liis worshippers, 
tlie Nagas, who were devoted to Iiis service. 

One tradition regarding! Siva was that his father-iu-Iaw, Daksha, 
had invited to a great feast all the gods, celestial and terrestrial, 
the planets, stars, Eishis, and Munis, with their worshi])pei\s. Tine 
fccast, as a figure, was intended to show the imjiortance attached to 
astronomy, but without reference to lime, which was an insult to 
Siva. This gave great pain to Durga, who, after much entreaty, 
■was permitted to present hcrjsclf at her father’s house, and to appear 
in the assembly; but such waa^|er distress at witnessing the con- 
tempt shown towards her husband that she died of grief. In other 
words, the year (which, in the anjCicni. astronomy, had been derived 
from the Ecliptic, by means df ahmg series of obseiwations on the 
sun, moon and stars, ond had hecoine so (‘xact in lengtli that pre- 
dictions and calculations having reference to the times of the year 
could be depended upon ^to agree with the events), had been lost. 
Through disregarding the effects prodneed hy time, and neglectiiig 
to apply the necessary corrections to their calculations, so many 
errors had crept into the predictions of the calendar that even tlm 
length of the year itself hecame. unknowui- - or Durga died. 

To revenge her death, Siva, from his owuibody, created a niimeroas 
army, by means of which all the gods who had assembled at the 
feast of Daksha were destroyed. 

The meaning of this is that a multiplicity of erroVvS arose in 
com])utations regarding the planets, seasons, and months, caiising 
the greatest confusion in periods of religious observances, until at 
length no regard w^as paid to astronomical observations, and all 
knowledge of the celestial sphere of the Ecliptic, and of the planetary 
motions was lost. Astronokny w’as no longer studied. Daksha, 
with all the other Celestial Deities, w’ere slain. 

At length, Brahma, moved wdth compassion, caused Siva to relent. 
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A searcli was made for the bodies of tbc dead ; a restoration of nearly 
all the gods to life was effected ; but when it came to the turn of 
Dahsha, his body was found without a head. A goat was, however, 
found near ; its bond was cut off, and Daksha was restored to life 
with the head of a goat. Ho retired to Benares, where he lias often 
been seen since, wandering about with his goat’s head, and lotdeing 
very sheepisli. 

This part of tlui legend, no doubt, alludes to the revival of the 
study of astronomy, and is intended to slunv that difficulties had 
.arisen between tlie astronomers of Ojjain and those of Benares 
iTgardiug the beginning of the Ecliptic. The question was whetlier 
it should begin with the hiquinojiat Aries, or with tlic Solstice of 
Capricorn. The *sect whiejh made use of the Solar Zodiac would 
adopt the latter, and wmuld have placed the beginning (or origin cf 
loiigituvles) on the system of Lunar Asterisins at 3^ 2(f of the 
AvSterism ITttarashadha, which w\as by no means a vsuitable origin 
for this lunaa* system. It seems to have been, tlierefore, liiiaily 
decided, at Oojcin at least, that the yet^rs and the Ecliptic should 
both commence at Aswini, which mode also this beginning coincide 
with the fii’st of lleslia (Aries), then also the Yernal Equinox; 
although from the legend it might appear that some of the astrono- 
mers of ]3enares still held the beginning of the year to be at 
Capricorn. 

From this difference of opinion we might almost infer that the 
system of Lunar Asterisms was that of the Brahmins of Arya-Verta, 
and that the system which had for its foundation the Solar Zodiac 
was that used by a sect of astronomers of the more Northern p*^.rts 
of India; and it may have been this difference of their systems 
which originated the distinction between the solar and lunar races 
of India. 

Aryabhatta may have been one of the Northern sect, for he held 
what were considered to be unorthodox opinions in astronomy, which 
were cited by Brahinegtipta, not for the purpose of praising or 
approving of them, but, for contesting and controverting them, 
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PERIOD FROM THE RESTORATION OF THE POWER OF THE BKAHMINS TO 

BRAIIMEGUPTA. 

\JJiTC. R.C. 540 — 80 A.D.] 

Sir J. Malcolm, in Lis History of Malwa,’' des(Tibes the early 
history of this province as involved in darkness and fable ; but he 
supposed Oojein to have had; mote tindoubted claim to remote 
anti([uit 3 " than an}" other eiu^ i^^^adia. 

He says: — Wo find in Indian manuscripts Malwa noticed as a 
separate province 850 ^a^ars hvfinv fhc Christian Era, when Dhunjeo, 
to wliom a divine origin was given, reslorod the power of the 
Brahmins, which, it is stated, had been destroyed by tbe Bnddliists, 
many remains of wliosc roliguyi are still to be found in this part of 
India. In the excavatio^t of a nionntaiii near ]5ang we trace, botli 
in the fotm of the tem])les and in that of the figures and symbols 
which they contain, the peculiar characteristics of the Buddhist 
worship.’^ With regard to the date ascribed to Bbnnjee, he remarks 
that ^^tlic principal Buddha is not so old as eight centuries before 
Christ,'^ and that ‘^his age has been accurately ascertained to be 
about five and a half centuries before Christ.” 

N(iw, it is renuirkable, frciii their own statements, that a great 
error ivas committed by tbe Hindu writers of tbe period here re- 
ferred to, fvir they have added together the genealogies of two distinct 
dynasties of different tribes, avS if they ivere continuous in the same 
line (the princes of which were, for some time, contemporaneous). 
When this error is corrected, the date of Dhunjee is brought down 
from 850 B.C. to 109 BX-., and also places the, era of Ilaja Bhoja 
(a gi’eat prince celebrated for the encouragement given by him to 
learning), at a mean date of 533 A.H. ; whereas, the Hindu writers, 
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by tbe error referred to, liavo placed liim as living in the lOth and 
11th centuries of our era. 

In order to clearly present to the reader the nature of the error 
referred to, it is necessary only to allude to the four names, Dhunjee 
(stated by native writers to have existed at a period corresponding 
with S50 T^.C.) ; Vicramaditya (56 B.C., on the same authority) ; 
Salivahana (at the era of the Saca, 79 A.D.), and Raja Bhoja 
(stated as living any time between 900 A.D. and 1100 A.D.). The 
writer pro])o$es to show that, although the periods assigned to 
Vicramaditya and Salivaliana arc approximately correct, yet, by 
reason of tbe confusion between two dynasties, Dhunjee is placed 
at a period at least seven centij^s too early, and Raja Bhoja is 
assigned to a date from five to seven centuries too late. 

The corrected date agrees with nearly all the conclusions, regard- 
ing Raja Bhoja, which C^olebrooke had ariived at on other gro^lnds, 
although, to reconcile the inconsistencies in the Hindu accounts, he 
believed there had been many princes of the name of Raja Bhoja. 
(Essays, Vol. II., P. 53.) t 

This eiTor of the Hindu writings will be apparent from the follow- 
ing account : — 

In the '^Summaiy of tbe History of the Princes of Malwa,” 
which we find in the Ayeen Akberi, a series of tables is given of 
several dynasties of the Kings of Malwa. 

These must have been furnished to Abiil Fazel by learned men 
of his time, when he was compiling the ‘^Institutes of Akber,’' and 
he appears himself to have visited Oojein. Now, the first of these 
tables, headed by Dhunjee (described as the chief of a tribe of the 
Deccan), comprises the names of five princes, who together are 
locorded to have reigned 387 years 7 months. The third prince on 
this list is Salivahana, and his two predecessors are said to 
have reigned altogether 186 years and 7 months. The era of 
Salivahana is, undoubtedly, the Saca, which in India is universally 
reckoned to be 78 — 9 A.D. The era of Dhunjee, according to this 
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computation, would, tlicrcfore, be about 108 li.O., thus giving tbc 
date when llrahminifim was re-established. 

Table TI (given in tJie '^Ayeen Akberi consists of 18 princes 
of the Pun war Dynasty, beginning Avitli Adut Piinwar, who, accord- 
ing to Sir J, Malcolm, was a Pajput, and the seventh on this list is 
Vicrainaditya. 

But Ave are told also by the Hindu writers that Salivahana made 
Avar upon Vicrainndii \'a and took him prisoner, but granted his 
request that the Sambat, wliich is the era of Vicrainaditya, and now 
universally admitted to be 56 B.C., should not bo discontinued in 
jmblic transactions. IfevertholcbS, SalxA^almiia, on his accesshni to 
the throne, made use of anotheri^ra Aycen Akberi,'' Vol. I,, 
p. 330). 

In the same table are recorded tho' names of the remaining 12 
]uinccs beginning Avith Vicramaditya, inclusi\^e, all being predci- 
cessoivs of Baja Bhoja, Avhose reigns altogether amount to nf36‘ years 
and live months, Avhich, re(*-koned^from tln^ beginning of the Sambat 
or 56 B.C., ATould idacc thej^vign of Eaja Blioja at about 580 A.D. 

Abul-Fazel, hoAvever, states that Bowj (or Baja Bhoja) succeeded 
to the kingdom in the 541st year of the era of Vicramaditya 
485 A.D.), a,n4 that he made considerable additions to his dominions 
by conquest. His reign Avas celebrated for his justice and liberality, 
and be gave such encourageiinent to men of learning and Avisdom 
that no less tlian 600 sages AAcre to be found in his palace. He 
made trial of the abilities of them all, and found the most eminent 
amongst them Avere Beruj and Dhunpaul, whose compositions ar(i 
highly esteemed to this day/’ (1595, ‘‘Ayeen Akberi.” Vol. 11. , 
p. 55). 

If this explanation of the error of Hindu Avriters be admitted, it 
Avould also explain how there should have arisen such gn at differ- 
ences amongst European Aviiters, regarding the important periods 
of ilie re-establishment of the religion of the Brahmins and the age 
of Bhoja, AA^hich, from the errors having been carried forAvard by 
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Tliuclu writers, lias been placed anywhere between the 9i.)i and 12t]i 
centuries, A.D. 

The date which Abul-Fazel gives for the age of Eaja Bhoja is 
certainly more to be relied upon than that deduced from the table 
of the Hindu manuscripts of Oojein, for in the court of the Phnperor 
Ahlna*, Abul-Fazel was surrounded by the most learned Hindus of 
his time,j who were his assistants in compiling his Institutes of 
Akbor/' In his researches regarding the Hindus, he could have no 
motive for altering the narratives and facts communicated to him, 
and he seldom resorted to conjecture. 

He admits that he is not infallible, for he says : — I had long 
set my heart upon writing soi^i^thing of the history of Hindostan, 
together with an account of the religious opinions of the Hindus. 

I know not if my anxiety herein proceeds from the love of my native 
country, or wlicther I am impelled hy the desire of searching after 
truth, and relating matter of fact.’^ 

In his researches he is equaUy^lesu'ous with ourselves of obtain- 
ing trustworthy evidence regarding aS that was related to him for 
the compilation of his work. Ho possessed advantages of obtaining 
information far superior to any that subsequent amateur antiquaries 
have over enjoyed. He lived at least 200 years nearer the times 
when the incidents and facts of his information may have been 
better known, and, as the confidential minister of Akber, the high 
authority he held in the empire gave him the means of obtaining 
information on every side. 

Few Indian names have excited more curiosity than that of 
Vicramaditya. In his court were assembled most of the learned 
men of his time ; mnongst them were the so-called nine gems, poets 
who Avere the ornaments of his court ; one of them was the celebrated 
poet Calidas, author of a number of dramatic works, and other 
pot‘,ms, in which are depicted the manners and customs of the age 
in which he lived ; another was the distinguished lexicographer and 
poet Amera-Sinha; his poems are said to have perished. Ii^ 
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rt^jVion he was a Buddhist, and reputed to be a theist of tolerant 
principles. Hindu writers also p:ive tlie names of several astrono- 
mers who ’Were guests, but nothing further appears to hav(‘ been 
related regarding them. 

The two eras, Sambat (56 E.C.) and Haca (78 — 9 A.H.), are 
ii'iportant in Hindu astronomy as marldng the time when the era 
of Yudhisthira was discontinued or superseded by them. 

Thus, the ancient astronomers, Parasara and (larga, employ the 
older era, and Colebrooke makes use of the argument that the 
astronomer Aryabhatta, about whose period there is some degree 
of uncertainty, since lie does not make use of the Sambat of 
Vicramaditya nor the Saca era Salivahana, but exclusively 
employs the epoch Mahabliarata (that is, of Yudhisthira) ; there- 
fore, ho must have flourished before tliis epoch was su])erseded. 
P^urther, Davis seems to have held the opinion that before the older 
epoch was su])erseded there is evidence to show that the solar year 
began at the Winter Solstice, wl«reas the year of the Sambat of 
Vicramaditya begins at the \®ernal Etpiinox. 

For some cemturies after the ('>ra of Vicramaditya, a period for the 
most part full of political and religious disturbances, from parties 
contending for supremacy, and from the expulsion of the Buddhists, 
which prcdiahly took place during tluvS interval, little or notliiiig is 
Jenown regarding the changes Hindu astronomy had undergone in 
its reconstruction. 

At the epoch of tlie Saca, the Vernal Equinox, the moveable 
origin of the Solar Zodiac, was at least 7^ to the east of the first of 
Aswini, the subsequently fixed “origin’* of the Lunar Asterisms. 
AstronomeuN, who vrtre at this time, doubtless, acquainted with and 
made tise of rtiles of both the Lunar and Solar systems, must have 
found much inconvenience from tliis diftereiice in position of the 
two points to which the longitudes w’^ere referred. 

Other inconveniences must, also, have been felt by those astrono- 
mers who used the Solar Zodiac with a moveable origin, owing to 
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tlio different opinions held rt'garding the precession of the 
Equinoxes, the amount of which was stated differently by different 
authors. 

It was a general opinion, as before stated, that the precession 
icsulted from the libration of an Equinox, within limits of ^ni 
aLSsiun(‘(l number of degrees, on (*aeh side of a moan fixed point. Of 
the various opinions cited by rolebroohe (Essays, p. 374, etc.), 
the one which gives the nearest to a correct value is that of Parasara. 
It is as follows: — “The same doctrine (of a libration) is taught in 
the ‘ l^ai asara 8iddlianta,^ as quoted by Ahiniswara; and if we may 
lely on the authority of a quotation of this author from the works 
of Aryabhatta, it was also maintained by that ancient astronomer; 
but, according to the first-mentioned treatise, the number of libra- 
tions amounted to 681,709, and, according to the lattei% of 578,159 
in a calpa, instead of 000,000 (the number given, in the Surya 
Siddhanta) ; and Aryabhatta has stated the limits of the libration 
as 24*^ instead of 27®.” 

^ow, from the former statement, o%that of Parasara, reckoning 
a complete libration (or, as it was by some authors called, revolu- 
tion), of 4X24® or 90®, a mean annual precession of 46.53072" is 
deduced, and from that of Aryabhatta 46.2572" results, both of 
which are nearer the true value than that of the Surya Siddhanta 
of 54", which was adopted in all the other Siddhantas of modern 
astronomy. 

About the year 480 A.l)., the astronomer Varaha-Milifra is 
described as noting and seemingly expressing his vsurprise that the 
Solstices which, in the time of the llishis, were, as recorded in 
former Sastras, the one in the middle of Aslesha, and the other in 
the first degree of Dhanishtha, should now, in his time, be, one in 
the first degree of Carcata, and the other in the first of Macra. This 
would imply that the Vernal Equinox was now, in his time, near 
the first of Aswini. He was of a sect which made use of the Solar 
Zodiac for expressing their longitudes, and he may have been one 



Period from Brahminical Restoration to Brahmegupta. 149 


of tho^e Avlio perceived the advantage which would arise from 
making the Leginning of the Solar Zodiac, Mesha, fixed and coin- 
cident with the Equinox when it was in the first of Aswini, and 
correcting the longitudes afterwards by merely adding the pre- 
cession. 

The astronomers of Oojein informed Dr. Hunter, who was in an 
embassy to that city, that there were two astronomers of the name 
of Varaha Mihira; to one of them they ascribed a date 122 Saca, 
corresponding to 200-1 A.D. : to another a date of 427 Saca, or 
505-6 A.D. Sir W. Jones supposed, from astronomical data, Varaha 
Mihira to have lived about 499 A.D. Colcbrooke, for similar 
reasons, supposed that, from two i^lculatious, one placing him at 
?>G0 A.D., and the other at 5S0 A.D., he may have been living at the 
mean date of the two, or about 470 A.D. 

Now, much of the autlientieity and accuracy of our information 
regarding the more ancient a.'^tronoiny of the Hindus depends upon 
the evidence that is derived fiomathe numerous writings of Varaha. 

He appears to IiaA-e becn^of some astrological sect who had the 
Solar Zodiac for the foundation of tlndr opinions, hut he was 
familiar with tlie more orthodox doctrines of astronomers, who had 
the Naeshatras or Lunar Asterisms as the groundwork of their 
system. 

It is, however, evident tkat he misunderstood and misrepresented 
some of their doctrines, such as in tlie contradictory opinions wliich 
he ascribed to Aryabhatta, and the strange doctrine before referred 
to, concerning the niction of the Bishis through each Asterism in 
one hundred years, an enoneous doctiine which was not held by the 
mathematical astronomers, Parasara, Brahmegupta, Bhascara, and 
other orthodox wudters. 

He is described as the author of a copious work on astrology, 
consisting of three parts, wliich he declared was abridged from 
earlier writers. It related to the computation of a planet s place 
(called Tantra) ; to lucky and unlucky indications (named hora) ; 
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and to j)ro«>no.srics rogardincr various matters, journeys, weddings, 
nativities, etc. (denominated Saclia). Of this work, the first section 
of tlie second part, known under the title of Vrihat-Jataca, com- 
prising 2G chapters, is still extant. 

The third part of this astrological work, containing 4,000 
couplets, in 106 chapters, is also surviving, and is unimpaired, and 
known and cited, as Vriliat San hit a, or great course of astrology. 

It is evident, however, that A^araha had recovered and had in 
liis-pos'^essioii, a nninher of tlu^ ancient more orthodox astronomical 
w'orks of the Hindus, ft appears that he had the writings of 
Para^ara, Garga, and Aryuhliatta, wdiitdi he commented upon. He 
was also tlic editor of five cV^/ereut orthodox works, entitled the 
^M^ancha Siddhantica,” a knowledge of wdiieh he required, as 
n'Cjuisites in the qualifications of an astronomer conq)etent to cal- 
culate a calendar. Among other attainments, ho required him to 
he conversant with time, measured hy Yugas, etc., as taught in the 
five Siddhantas u])on astronomvf named Paulisa, Ilomaka, Vasish- 
tha, Saura, and Paita-Afaha.” 

The '^Pancha Siddhantiea, as a coin])lete work, edited by Vaiuha, 
has not been recovered ; but tin* Saura, under the name of the Surya 
Siddlianta, is supposed to he entire, and the Paita-AIaha is intended 
to mean the Bndima Siddhanta, and all the others are cited and 
assigned to difiVrent authors. 

Prean :ill this it may he inferred that he admitted these ancient 
Avorks to have been all estaldislnd and referred to as great authori- 
ties in times long anterior to the date in wliicli he was living; and 
from his references to Parasara and othcT Munis or liishis, although 
he wus mistaken with regard to .some of their opinions, he had faith 
in the correctness of the observations recorded by them. 

As before stated by the author of the Ayeen Akberi, at the court 
of Eaju Bhoja in 485 A.D., \here were assembled 500 sages. It may 
Avell ])? conceived that in this great assembly of learned iheti, there 
were present as honoured guests the most eminent matliematiciaxis 
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of the age, Varaha, and probably Jisbnu, with his more celebrated 
eon, Brahmegupta, also astronomers of another sect, followers of 
Aryabhatta, may have been present, maintaining the doctrines of 
their leader, in discussions with Brahmegupta. 

In su(‘h assemblies mathoonaticians sought for distincticn by 
proi)Oun(Iing and giving solutions to difficult algebraical questions 
on astronomy. At the end of the 8th section of the 18th Chapter 
of tlie Brahma Siddhanta, translated by Colebrookc from the San- 
scrit, about 60 questions on astronomy are proposed for solution. 
On concluding this chapter, Brahmegupta says : — 

These questions are stated merely for gratification; the j)t'oficient 
may devise a thousand others, or jj^ay resolve by the rules taught, 
problem proposed by others, as the sun obscures the starvs, so does 
the proficient eclipse the glory of other astronomers, in an assembly 
oi people, by the I'ccital of algebraic problems, and still more by 
their solution. 

These questions recited undef each rnlo with the rules, and their 
('xumi)]es amount to a hundred and tlmee couidets, and this chapter 
on the Pulverizer is the 18tli.^^ 

•Some h w of these questions, Avilh the methods which were adopted 
for their solution, will be given in a subsequent jAart of this work. 

The name of Brahmegupta is held in the highest esteem by all 
Hindu AVI iters. The age near whicli he lived is fairly Avell kuown. 
Prom certain observations AA^hich ho made and recorded, Bentley 
calculated the date to be 535 A.D. ; Colebrooke, from the posi- 
tion of the heavenly bodies observed by Brahmegupta, and allowing 
for uncertainty in inaccurate observations, was disposed to agree 
with Bentley, but assigned 581-2 A.I). as the result of his calcula- 
tions. The astronomers of Oojein also gave 550 Saca, or 628 A.D 
as the date of Brahmegupta. 

His most remarkable Avork was a revised and corrected edition of 
the ancient) sacred AAmk, the Brahma Siddhanta, from some earlier 
copy. This edition by Brahmegupta will be more particularly 
described hereafter. 
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This nstronoiuer, as has b(;en previously rciuarked, combatted the 
theory of liis predecessor, Aryabhatta, concerniug the rotation of 
the earth, and extracts from his arguments have been given. 

Coleluooke remarks that Brahmegupla is more fortunate in re- 
futing a theory of the Jainas, who, to account for the alternation of 
day and night, imagined that the daily changes Avere caused by 
llie ])assage of “two suns and as many moons, and a double set of 
s1ai‘s, and minor planets round a pyramidical mountain, at the foot 
oi Avhich is this hal itablc earth/’ His confutation of that absiu’dity 
is copied ])y Bliascara, Avho has added to it the refutation of another 
notion ascribed by Brahmegupla to the same sect respecting the 
translation oC the csirth in spa^^ fouiuhnl upon the idea tliat the 
earth, being lu'avy and without support, must jicrpetually descend. 

The answer given to this is: — 

“The earth stands hrm by its own ])ower without other support 
in space. 

“ If there be a material suj^port U the eartli, and another upholder 
ol' iTiat, and again another of this, and .fo on, there is no limit. If, 
finally, seH-su]>])ort must he assumed, why not assume it in the first 
instance? Why not recognise it in this nuiltiform eartli? 

As neat is in the sun and fire, coldness in the moon, fluidity in 
water, hardness in iron, so mobility is in air, and immobility in the 
earth, by nature. How wonderful are the implanted faculties ! 

“The earth possessing an attractive force (like loadstone for 
iion, says tlie commentator on Bhascara), draws towards itself any 
h< avy substance situated in the surrounding atmosphere, and that 
substance appears as if it fell. But wliither can the earth fall, in 
ethereal sjiaco which is equal and alike on every side? 

“ Observing the revolution of the stars, the Buddhists acknow- 
ledge that the earth has no support; hut, as nothing heavy is seen 
to remain in the atmosphere, they tlience conclude that it falls in 
ethereal space. 

“Whence dost thou deduce, 0 Baudda, this idle notion, thaj ' 
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because any heavy sitbstance thrown into the air falls to the earth, 
therefore the earth itself descends ? For, if the earth were falling, 
an arrow shot into the air would not return to it when the projectile 
force was expended, since both would descend. Nor can it be said 
that it moves vslower, and is overtaken by the arrow, for heaviest 
bodies fall quickest (he supposes), and the earth is heaviest.” 

Abul hazel gives a short but faithful account of the astrononiy of 
tlie Hindus, as it was known by them during the past 18 ccaituries, 
and he relates a few instances regarding religious observances which 
s^eem to point to some sect of ancient priestly astronomers who held 
doctrines somewhat different fj'oni those of the Brahmins. 

In the Ayeen Akberi (A.D. iSlI^ Voh IT., p. 69), it is narrated 
that : — 

In the Soobah (piovinc(') of Berar are many rivers, the princi- 
pal of which is called the Gung-Kotemy (Gung, Gotuma), and 
sometimes the Godaveiy. The Hindus have dedicated this river to 
Ivotum {l.e., Gotuma or Buddlns^ in the same manner as the Ganges 
to Maha-Heva (Siva). TlR^y relate wonderful stories regarding it, 

and hold it in great veneration. 

♦ * * ♦ ★ 

“ When the planet Jupiter enters the sign of Leo the people come 
from great distances to worsliip this river.” 

In page 164 it is related that : — 

In Kotehar (a place in Cashmere) there is a fountain wluch con- 
tinues dry for eleven years, and when the planet 0 upiter enters the 
sign of Leo, the water springs out on every Friday, but is dry all 
the rest of the week during the year.” 

This was probably a natural syphon, which was only allowed to 
flow every Friday during the, year in w^hich Jupiter was passing 
through the Constellation Leo. 

Again, page 167 : — 

Adjoining the Gurgong is a pass called Sowyuru at the 
oxtremity of which is a plot of ground measuring 10 Jerebs. When 
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the planet Jupiter enters Leo, for a month’s continuance, the soil 
of this place is so intensely hot that it destroys the trees, and if a 
kettle is set on the ground it will hoil.’^ 

At page 3o3, referring to a place near the junction of the Jumna 
and the Ganges, Ahul Lazel observes : — 

“It is astonishing that when the planet Jupiter enters the Con- 
stellation Leo, a hill rises out of the middle of tlie Ganges and 
remains fo?: a montli, so that peojde go upon it and perform divine 
worship.” Mr. Barlow was ot opinion that this legend about a hill 
rising out of the Ganges would seem to indicate a low river owing 
to want of rain, and this might readily be associated watli a failure 
of the harvest, and would hardl;^bc forgotten if it occurred two or 
three times in succession. 

At page 183 : — 

In the reign of liaja Bunjir (Castunri), wdiilst the sun \vas in 
Leo, there w’as a fall of snow which totally destroyed the harvest 
and occasioned a terrible famine.”* ** 

From the circumstance of so much^‘ importance having been 
attached to the entrance of Jupiter into the Constellation Leo, we 
may infer: — 

First, that the astrological priesthood of the sect which made this 
specific circumstance a stimulus to the devotions of the people, had 
the Solar Zodiac for the foundation on which they based their 
astronomy. 

Secondly, that they had at least one of the two Cycles of Jupiter, 
this being his year consisting of nearly 12 Saura years, the other 
being the Cycle of Vrihaspati, consisting of 60 years. Each of the 
GO years was called Vrihaspatis Mana, or Madhyama, his mean 
motion through one sign. These years had each a separate name.* 

* The cycle of Vrihaspati of 12 years, as described by Paraeara, quoted 
by Varaha-Mihira, is thus explained.' 

**ThG name of the year is determined from the Niicshatra in which 
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Thirdly, that the Constellation Leo should have been deemed 
more sacred than any of the others, over each of which Jupiter occu- 
pied a year in the transit^ is significant of the period, when the 
Solstice was in Leo ; a propitious time, which was equally sacred to 
all the tribes of the East, as a time when sacrifices and prayers 
were ordained to bo offered to the Supreme Being, the memory of 


Vrihaspati rises and sets (lieliacally), and they follow in the order of tlio 
lunar months.’* 

“The years beginning with Caidic commonce wdth the Naeshatra Critica, 
and to each year there appertain two Naeshatras, except the 5th, llth 
and 12th years, to each of Avhich apj^ertain three Naeshatras.” 

TIk'I’o was a difference of opijiic|p amongst the Astronomers regarding 
the naming of the years. ^ 

The names and ord('r of the 12 Vrihaspati years w^ore not the same as 
those of the cycle of 00, 

According to[Sasipnra and others, the Naeshatra in which Jupiter 
rises gives the name to tlie year. 

Casyapa says the name of tho Samvatsura Yuga and the years of the 
cycle of 00 are determined by ^le Naeshatra, in which ho rises, and 
Oarga gives tho same account. Some make the cycle to begin on the 
first day of the month of CJhaitra, &c., whatever may be tho Naeshatra in 
which Jupiter is. According to Parasaras’ rule, whicli gives also tho 
character distinguished as good or bad, with the names and order of the 
corresponding Naeshatras, they are set forth as follows, with tho 
presiding deities. 


Years. 


Naeshatras. 


Deities. Cliaractors. 


Cartic .. Critica, Hohini Vishmi .. Bad. 

Agrahayan . . Mrigasiras, Ardru . . . , . . . . Surya . . Bad. 

Paush ,, Punarvasu, Pushya .. .. .. Indra .. Grood. 

Magh . , Aslosha, Maglia Agiii . . Bad. 

Plialgun Purva Phalguni, IT-Phalguni, Ilasta ,, .. Twashta ., Neutral. 

(•hailr Chitra, Swati Ahivradna Good. 

Vaisach . , Yisacha, Anuradha Pitris . . Bad, 

Jaishth , , JyeshtM, Mula Viswa . . Bad. 

Ashar .. P-Ashara, TI-Ashara .. .. .. Soma .. (h)od. 

Sravan . . Sravana-'Dhanislitha Tndragni , . Good. 

Bhadr , . Satahabisha, P-Bhadrapada, U-Bhadrapada . . Aswina . . Good. 

Aswin ,, Bevati, Aswini, Bharani Bhaga .. Good. 


The commentary states, “It is in the Soma Sanhita, that the presiding 
Devas are thus stated. 
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wMcli circumstance liad been, preserved, althougb the Solstice had 
passed out of the Constellation Leo nearly 3,000 years before that 
time. 

In the 3rd Volume of the Asiatic Eeseaxches, Davis has given 
tliG results of an investigation regarding the cycle of 60 years of 
A^nhaspati, which some have supposed to be of Chaldean origin, or 
the Sosos. lie says that it was wholly applied to astrology. 

Davis was a civil servant of the East India Company at Bban- 
gulpore in 1789 and 1791, be gave two papers to the second and third 
volumes of the Asiatic Researches/’ Calcutta. 

The first on The Astronomical Computations of the Hindus 
the second on “ The Indian Cycled* GO years.” 

In the latter l>aper, to illustrate some of his remarks, he publishes 
a plate of the Hindu ecliptic, of which plate annexed (page 157) is 
a reduced copy. 

He says, ‘‘Its origin is considered as distant 180^ in longitude 
from Spica ; a star which seems to hafe been of great use in regulating 
their astronomy, and to which the Hindu fables of the best authority, 
although they differ in other particulars, agree in assigning six 


In the cycle of 60 years are contained five cycles 
6 VO cy(dGS or Yugas, are named — 

of twelve, which 

Samvatsara, 

over which presides 


Agni. 

Parivatsara 

>> jj 

, , 

Area. 

Idavatsara 


t • 

Chandra. 

Anuvatsara 

>> 

, , 

Brahma. 

IJdravatsara 

)? * • 

, , 

Hivu. 


‘'The first year of the cycle of sixty, named Prahhava, begins when, 
in the month of Magha, Vrihaspati rises in the first degree of the 
Nachshatra Dhanishtha, because when Vrihaspati rises in 9®, 23 20' 
Surya (the Sun) must be 10® 6® 12'.” 

Names are given to all the 60 years of Jupiter, beginning with 
Prabhava as the first. The order in which these years are arranged is 
given by Davis in the accompanying plate, which is copied from the one 
given by him in the third volume of the “ Asiatic Researches,” 
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signs of longitude, counting from tlie beginning of Aswini, their 
first Nacshatra/’ 

In a preceding Chapter it has been stated iliat the beginning of 
the Nacshatra, the first of Aswiui, was determined from a reference 
to it, in several Hindu works, by means of a star, wind) has been 
identified as ^ Piscium, and from the statement that when the vernal 
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VoL III. 


equinox coincided with this star, the longitudes were afterwards 
reckoned as fixed, and that the time when this change was made 
was about 570 A.D. 

The principal object of Mr. Davis’ plate was to show the nature of 
the two cycles of Jupiter, the smaller cycle consisting of 12 Saura 
years, and the larger cycle comprising five of these, or 60 Saura years. 

The line a passing through the beginning of Dhanishtha and the 
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middle of Asleslia, shows the position of the solstitial colure about 
the year 1110 B,C,, and the line h through the beginning of Critica 
represents the i)osition of the equinoctial coliire about the year 1306 
B.(A, whilst tlie other line passing through Bharani, shows the 
position of the latter colure when the solstitial was at the beginning 
of Dhanistha (1110 

Davis observes that ^‘The solar months correspond in name with 
the like number of Naeshatras ; this is ascribed to the months liaving 
been originally lunar, their names derived from the Nacfiliatras in 
which tJie moon, departing from a particular point, was observed to 
be at the full.’* 

The most ancient Indian year, ^lamed Saura, made a day equiva- 
lent to the time taken by the sun to pass tki’ougli each degree of 
the Ecliptic ; so that in one revolution of the sun the Saura year, 
corresponding to a motion of 3G0^, had the same number (3G0) of 
Saura days. 

By analogy, Jupiter’s period consisted of 12 times bis Madhy- 

c 

hama, or ‘Miis mean motion through one sign.’' The Vrihasi)ati 
year consisted of one-twclftli of his period. To he exact, according 
to Laplace, Ju])iter\s Sidereal Poriod, in mean solar time, is 4,333 
days LI hours 18 mins. 41 sec., so that the Vrihiispati year wwkl be 
3G1 days 1 hour 1 1 min. 30 sec. of mean solar time. It was not, 
therefore, a period of either Saura days or of mean solar days, but 
of the time he took through each sign of 30” of the Ecliptic, and his 
cycle was complete when the 360” of his path was completed. It 
was called a cycle of 13 years, but they were neither solar years nor 
Saura years, for one or other of which they have sometimes been 
mistaken. 

Davis was of opinion that as the year Cartic is always placed the 
first of the 12 Vrihaspati years, it may be inferred that there was a 
time when the Hindu solar year, as well as the Vrihaspati cycle of 
12, began with the sun^s arrival in or near the Naeshatra Critica* 

He remarks that, ‘‘The commentator of the Surya SiddhantCr 
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expressly says tliat tlie authors of the books generally termed San- 
hitas., accounted the Deva day to begin in the beginning of the sun’s 
Xorihern rotid; now the Deva day is tlie solar year, and the sun’s 
Northern road begins in the Winter Solstice. 

This might, moreover, have been the custom in Parasara’s tiiao, 
for the phenomenon which is said to mark the beginning of the 
Vrihaspati Cycle of (*«0, refers t(» the beginning of Dhanishtha, which 
is ])reci‘^ely tJiat point of the Ecliptic through which the Solstitial 
Coliire passed when lie wrote. 

We ari'. told by Hindu witers that the Buddhist sages were 
divided into six sects, that their works were upon various philoso- 
j'hical subjects; they had a trea^^^c on logic, another on the folly 
of religious distinctions and ceremonies; they had a history of 
Buddhist philosophers, other works on the doetrinos of Vrihaspati, 
and also a treatise on astrology* 

Now, an astronomical or astrological work Avas known amongst 
the Hindus under the name'uif the Brihaspati or Vrihaspati 
Siddhanta. Tt is mentioned in the Ayeen Akbori among nine 
astronomical w'orks of the Hindus, as one of four, wliich wore sup- 
posed to have had a divine origin, and that this liad been dictated 
by Jupiter, or Vrihaspati, whose name it hore. Hitherto this work 
has not been recovered. 

That the name of the planet should have been associated with 
that of the sago Vrihaspati w^ould seem to imply a connection of 
tills astionomical work with the Buddhist religion, and that, in the 
Siddhanta of Vrihaspati would probably bo found rules which 
regulated the observances of the Buddhist faith. 

About this time it woidd appear that astrological sects had 
become partially recognised by the more orthodox astronomers, foi 
some of their tenets, as also the Cosmogony of the Puranas, obtained 
a place alongside of the strictly mathematical doctrines of the 
Siddhantas, which they have since retained. But this concession 
does not extend to the absurd belief in the interposition of the dragon 
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or monster Baliu in eclipses. Yet some of the devout Hindus can- 
not dispute the divine autliority of the Piiranas, and the learned try 
to evade the question, sc>jne of them saying that certain doctrines as 
stated in other sastras, “Might have been so formerly, and may bo 
so still, but for astronomical pm*poses astronomical rules must bo 
followed.’^ 

.Yerasinlia, in lus commentary on the Surya Siddhanta, explains 
that “Rahil and JCetu, the head and tail of the monster, could only 
mean the position of the moon’s nodes, and the amount of latitude 
on which eclipses depend,’^ but he also says that “ the belief in the 
actual presence of such a monster may be believed as an article of 
failh. without prejudice to astrQ;i)my.’’ 



CHAPTER Xir. 


ASTRONOMICAL WORKS OF THE HINDUS. 

Or tlie restoration of tlieir power by the Bralimhis, some time 
before the bogimiing of tlie Christian Era, their astronomical system 
was reconstructed, upon an orderly plan, and regular in its parts, 
the detached portions of more ancient treatises being collected, the 
rules being arranged and set forth in text books, udthout proof, and 
often without explanation. 

The difficulties under which nmderii Hindu astronomers have 
laboured, and which liavo kept them in a stationary ]}Osition with 
regard to their astronomy, as compared w’ith tlie progress in other 
countries, may bo well conceived when wa? consider the absence of 
printing. Consider the period in Europe, before the invention of 
printing, when accumulated kno^^edge existed principally in manu- 
scripts, jealously guarded, j^oaned out, but protected by sufficient 
security for their due return. Had such a condition of things 
existed to the present time, Avhat would have been the fate of 
astronomy, and of the matlieniatical sciences, in the absence of the 
Princij)ia, the ]\Iecliani(pie Celeste, and the many oi her great mathe- 
matical w’ovks of the last century? Could wo, indeed, liave claimed 
any superiolrity of knowdedge, under such circumstances, over that 
displayed by the Mediieval astronomers of India? 

Of the eighteen or twenty ancient astronomical wmrks referred to 
by ancient Hindu writers, under the name of Siddhantas, or “ Estab- 
lished Conclusions,” nine are mentioned by Abul Fazel in the Insti- 
tutes of Akber, namely : — 


1. 

Brahma Siddhanta. 

6. 

Narada Siddhanta. 

2. 

Surya Siddhanta. 

7. 

Parasara Siddhanta. 

3. 

Soma Siddhanta, 

8. 

Pulastya Siddhanta. 

4. 

BrihaspaLi Siddhanta. 

9. 

Yasishtha Siddhanta. 

5* 

Garga Siddhanta, 
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The names of others are those of — 


10. 

Vyasa. 

16. 

Lomasa. 

11. 

Alri. 

17. 

Pnlisa. 

12. 

Kasyapa. 

18. 

Yavana. 

13. 

j\Iarichi. 

19. 

Bhrigu. 

14. 

Mann. 

20. 

Chyavana. 

15. 

Angiras. 




The first four axe reputed by the Hindus to be inspired; the 
first sni)pos(^d to have been revealed by Brahma, the second by the 
sun, the third by the moon, and the fourth by Jupiter. All the 
others are supposed to have been dictated by mortals, and of these 
few are now extant, ])einjL»' principally known by citations from 
mathematical writers. 

An astronomical work not mentioned in the above list, but de- 
servedly held in great esteem, is the Siddhanta v^iimnani of Bhas- 
eara Acharya, of comparatively inoa*e recent dale (llbO A.D.) 

Abul Pazel states that in his time (about 1550 A.D., he being 
rnxirdered by banditti in 1603) there were no fewer than eighteen 
different opinions regarding tlic varVous changes and creations 
which the Universe has undergone, and he mentions tlit3 traditions 
with ivfereuce to three of these ojnitions, tlie tliird of xvhich he says 
was the most generally received, aiul that it' xvas one related in the 
Surya Siddhanta, a xvork supposed to have been com]nled at the 
close of the Sutya Yuga (Krita Yuga). 

To this day (he remarks) all the astronomers of Ilindostan y^ly 
entirely upon this book/’ 

It is impossible to say wliich of the two principal astronomical 
works, the Brahma Siddhanta or tl»e Surya Siddhanta, is tln^ more 
ancient, or when either of the original works were composed or 
compiled, for both have undergone revision at different periods of 
Indian history. 

The difference between the two.works is shown by a difference in 
the modes of explanation, and in the subjects treated by them. 
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A<3 before mentioned, a revised version of the Brolima Siddhanta 
was edited by Brail rnegupta, under the title of the Brahma Sphuta 
(or amended) Siddhanta, at some date between 630 and 680 A.D. 

Nrisinlia,; the commentator of the Surya Siddhanta, affirms that 
Brahrnegupta’s rules are framed from the Vishnu Dharmotlara 
Purana, in which the Brahma Siddhanta is contained. Various 
otlxer works of the same name are referred to as being anterior to 
tlie revised edition of Brahmegupta ; such, for instance, as the 
Brahma Siddhanta of Sacalya, which is understood to have been 
one of the hvo systems from which Yaraha Mihira compiled his 
Pancha Siddhantica. 

i\ccording to Colebrooke, the Brahma Sphuta Siddhanta, as an 
entire work, consisted of 21 chapters. Of these, the arrangement 
of the subjects, from the 1st to the lOth, would appear to have been 
nearly the vsamc as those of the corresponding chapters of the Surya 
Siddhanta. The 1st and 2nd consisted of the computation of the 

mean motions, and true places, of the planets. The 3rd contained 

• 

the solution of problems concerning time, the points of the horizon, 
and position of places. The 4th and 5th set forth the calculation of 
lunar and solar eclipses. The 6th the rising and setting of the 
planets. The 7th, the position of the moon’s cusps. The 8th, 
observations of altitudes by the Gnomon. The 9th, conjunctions 
of the planets. The 10th, their conjunction with the stars. The 
next ten are suppleinentarj", including fiA’e chapters of problems, 
\nth their solutions; and the 2lst explains the principle of the 
astronomical system in a compendious treatise on spherics, treating 
of the astronomical sphere and its circles, the construction of sines, 
the rectification of the apparent place of the planet from mean 
motions, the cause of lunar and solar eclipses, and the construction 
of the armillary sphere. 

The copy in the possession of Colebrooke was defective, wanting 
the 6th, 7th and 8th chapters, with gaps of greater or less extent in 
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the preceding five ; it was supposed to have been transcribed from 
an exemplar equally defective. 

The 1 Ith is represented as a curious chapter containing a revision 
and censure of earlier vTiters. 

The five chapters from the 13th to the 17th, inclusive, relate to 
pro])lcms concerning the mean and true places of the planets, times, 
points of the horizon, and otlvcr matters impossible to specify on 
account of defects in the IGth and 17th cliapters. The 19th, 20th 
and 2lRt were wanting. One of them, from references to it, appears 
t ) have treated of time, solar, sidereal, lunar, etc. ; another, from 
like references, treated of the delineation of celestial phenomena by 
diagrams. 

It is a matter of regret that Colehrooke has only given translations 
of the 12th and 18th chaipters of this work. 

The 12th chapter of the Hrahma Siddhanta c’onsists of rules for 
the solution of questions in arithmetic, algebra, and mensuration, 
together with a few" (‘xamplcs applied to problems. 

To show the nature of the subjects which are treated in this 
chapter, the follow’iug is a description of the contents, taken from 
the words of the rules, and put in a iiiodtTn form. 

The questions on geometry are mostly intended to be answered 
arithmetically ; hut the rules are usually applicable to general 
solutions, suggesting an algebraical origin. 

Brahma-Sphuta SiddHxVxta of Brahmegupta. 

Summary of contents of the \2th Chapter — Ganiiadhyn. 

The rides are expressed in ivords, but to show their import they are 
here set forth in the Diodern atgehraical form. 

Reduction of fractions to a common denominator. 

Addition and subtraction of fractions. 

Reduction of mixed numbers to common vulgar fractions. 

Multiplication and division of fractions. 

Involution and Evolution. 
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(a -f- &)’ == a’ -f- 3 a* 6 + 3 Cl 6’ -|- 6’ expressed in words, preparatory 
to the extraction of the cube root of a number. 

The rule of three — Interest, Partnership, Barter. 

Arithmetical Progression. 




d~2a-\-V (^a—df^iSsd. 


Series. 

1+34-6 + 10+ . . . 7i(n+l) (n+2).; 

A 

I.+2.+3.+ » »J»+'H2 n+u 


l’+2^+3’+ . ... 




(n+iy 

4 


Mexseration ; Plain Figures. 
Area of a triangle — \/ s (s — a) (« — £>) (s — <’)• 



/ 

Segments of base, BD = M aH — ^ — 




Eadius of circumscribing circle 


h e 

2p' 


52. The half-day being divided by the shadow (measured in 
lengths of the Gnomon) added to one, the quotient is the elapsed, 
or the remaining portion of the day, morning or evening. 

The half-day, divided by the elapsed, or remaining portion of the 
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day, being lessened by subtraction of one, the residue is the number 
of Gnomons contained in the shadow/ 

53. The distance between tlie foot of the light and the bott(»m 
of the Gnomon, multiplied by the Gnomon of given length, and 
divided by the difference between the height of the light and the 
Gnomon, is the shadow. 


A light at A is supposed to cast a shadow D B of the gnomon G. 

A 



54. The shadow multiplied by tlie ^listance between the tips of 
the shadows, and divided by the difference of the shadows, is the 
base. The base, multiplied by the Gnomon and divided by the 
shadow, is the height of the flame of light. 

Here — O C = Base, C B = difference between tips of shadows. 

»B=-Sp EC=-S„ AO = H. 

XCB, OA = -J-XOC. 



♦ This rule is considered by Orishna (a commentator on this Siddhanta) 
to hare been copied from earlier writers, and useless. 
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By proportion — 

A 0 ^ O B _ C) (J 0 B ^ DJi O B-OC 1 ) B ~ l^C 
a ■ BB'^^ '0(^ 


OB^ DB-EC 
O G“" E G ’ 


]unic(‘ () G 
AO 


E r . CB _S.^. CJ^ 

DiV^EG ” 

p (t g . o c 

■ E ”“"S7“ 


IIekhits and Distances. 

Ex, On the top of a hill live two ascetic.^. On(% beiii^* a ^^iznr(l, 
travels through the air, springing from the summit of the mountain, 
he ascends to a certain elevation and proceeds by an obli(jue descent 
diagonally to a neighbouring town. The other walks down the hill, 
goes by land to the same town. Ti?8ir journeys are equal. I desire 
to know their distance from tiie hill, and how high the wizard rose. 

D 



Let - 


A B c- a, A C 6, C D -= A. 

By supposition, a+A — A-H- 
Or, a+A — A~ |(&+A)'+a‘‘^}i. 
2 a 6 — 2 A (u-f A) + 2 A A. 


Or, A 


ab 


let a = m A, m being any arbitrary number. 


Then h = . b. 

m+2 

The 18th chapter of the Brahma Sphuta (amended) Siddhanta 
is a treatise principally on the solution of indeterminate equations, 



Hindu A8tro)Wiiiy* 


u;8 

eji) ployed partly in questions relating to abstract numbers, but 
mostly in tbe solution of problems in astronomy, relating to the 
sun, tbe moon, and tbe planets, witb tbeir nodes, apogees, etc. 

It begins by stating tbat questions can scarcely be solved without 
the pulverizer/' and a rule is propounded for its investigation. 
This, liowever, from some cause, is a rule for a different purpose, 
connected with cnlciilating a cycle or Yuga of three or more planets 
by ineans of tiie pulverizer ; but is left unexplained. 

The rule for the formation of the ^‘pulverizer" is thus given: — 
Rule 3-6. — The divisoa' whicli yields the greatest remainder is 
divided by that which yields the least ; the residue is reciprocally 
divided, and the quotients are severally set down one under the 
other. The residue [of the reciprocal division] is multiplied by an 
assumed number sudi, that the product having added to it the 
difference of the remainders, may be exactly divisible [by the resi- 
due’s divisor]. That multiplier is to be set down [underneath], and 
above it, and the product, added to ^le ultimate term, is the Agranta. 
This is divided by the divisor yielding t'|?e least remainder, and the 
residue, multiplied by the divisor yielding the greatest remainder, 
and added to the greater remainder, is a remainder of [division by] 
the product of the divisors. 

Thus may bo found the lapsed part of a Yuga of three or more 
planets by the method of the “ pulverizer,” 

It may, however, be gathered, from examples given to different 
rules, that the method of the “pulverizer," in some respects, 
resembles one of the two rules usually given in modem works of 
algebra, for the solution of the indeterminate equation, 
axA'C 

— ~~ = y in integers, 

in which a is called the multiplier, b the divisor, and c the additive. 
The fraction here supposed to be in its lowest terms, after 

division by the greatest common measure, is subjected to the 
reciprocal division of the numerator and denominator, and the several 
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quotients are placed in order one above another. So far, the oper- 
ation is the same in both metliods ; the method of our algebra then 
supposes the formation of a series of fractions converging to of 

which the last convergent may be assumed to be The Indian 

method proceeds ta seek this convergent by operating backwards, 
upwards through the several paitial quotients, the constant c being 
involved in each step, so that finally the result becomes . . ~ ^ 

and we have a * c . cp ^ o, but by supposition a . x+h y ^ c, 
and the subsequent steps may be supposed to be identical with those 
of the modern methods of solution. = 6 y = ani’^cp^ 

where m is any arbitrary number.^ 

As applied to astronomical questions, a is the number of revolu- 
tions of a jfianet in a calpa ; h the number of days in a calx)a ; and, 

c 

c is called the residue of revolutions. the fraction of a revolution! 

0 

may be expressed in signs, degi^es, and minutes. 

For the purpose of explaining a few extracts, examples of com- 
putation from the Bralmia Siddhanta are here stated. A rule for 
the calculation of the place of a jdariet is given, vdili the table to 
which it refers, and also a brief table of the same import with 
smaller numbers by Brahmegupta, whicli, instead of the incon- 
veniently large numbers of the other table, were employed for illus- 
tration and for giving instruction to students of astronomy in the 
methods of calculation. 

To find the mean places of the planets at a given midnight at 

Lanka: — 

Buie. — ^Multiply the number of elapsed days by the number of 
revolutions of the planet in a calpa, and divide the product by the 
number of days in a calpa. The quotient will be the elapsed 
revolutions, signs, degrees, etc., of the planet (or longitude from 
Ist Aswini). 
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Mean motions of the Sun^ Moon 

For facility's sake^ therevolutions 

and Playlets in a Calpa, 

and days 

are put as follows: — 


Revolutions in a Calpa 
accordiiifj: to 

Revolutions 
in least 


Days in least 
terms. 


Rrahiuegupta. 

tei’ms. 


Sun 

4,320,000,000 

3 ... 

... In 

1,096 days. 

Moon 

57,753,300,000 

5 ... 

... 

137 „ 

Mars 

2,296,828,522 

1 ... 

... ,, 

685 „ 

Mercury 

17,936,998,984 

13 ... 

... ,, 

1,096 „ 

Jupiter 

364,226,455 

3 ... 

... ,, 

10,960 „ 

Venus 

7,022,389,492 

5 ... 

... 

1,096 „ 

Saturn 

146,567,298 

1 

... ,, 

10,960 „ 

DaysinaCalpa 

1,577,916,450,000 

Apogee 

... ,, 

2,740 „ 



^"^^’sNode 

*** » 

5,480 „ 


‘‘ (7.) Question 1. — He who finds the cycle (Yuga) and so fortli, 
for two, three, four or more planets, from the elapsed cycles of the 
several planets given, knows the method of the ' pulverizer/ 

‘‘ Example. — ^What number divid^l by six has a remnant of five ; 
and divided by five, has a residue of four and by four, a remainder 
of three ; and three, of two 

The answer given to this question by Brahmegupta is 59. 

But the question given, being indeterminate in form, there are 
many other answers. The general solution is ; — 

N «= 60 71 — 1 , where n is any arbitrary integer. 

Thus when ti — 1, N 59 
=-2 -=119 

«= 3 «= 179 

= 4 ==* 239, etc., etc. 

All of which satisfy the conditions. No doubt Brahmegupta was 
awaiv of this. 

‘‘ (9.) Question 2. — He who deduces the number of [elapsed] days 
from the residue of revolutions, signs,, degrees, minutes, or seconds, 
declared at choice, is acquainted with the method of the ' pulveriser.' 
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Example. — ^When tlie remainder of solar revolutions is eight 
thousand and eighty, tell the elapsed portion of the calpa, if thou 
have sHU in the ‘ pulverizer/ 

The answer given is 1,000 days. 

To show how this arises, taking the solar revolutions from the 
smaller table, as 30, and the corresponding days as 10,900, and 
assuming x as tlie required number of elapsed days, 

30 35+8080 3 35+808 

10960 1096 ~ ~ 

y being the number of complete revolutions in x days, from which 
the general solution is 

X == 1096 m — 96, and y 3 ni — 1, m ]>eing arbitrary. 

If m = 1 X «= 1000 days,^ — 2 revolutions. 

-=2 -=1196 „ =--5 „ 

_ 3 _ 1292 „ — 8 „ etc., etc. 

(10.) Example. — To what number of elapsed days does tliat 
amount of hours correspond, for which the residue of lunar revolu- 
tions arising is four thousand one hand red and iive? 

The answer deduced is S21 hours. 

Taking the revolutions of the moon from the smaller table, as 5, 
and the corresponding days 137, w^c liave, reducing the days into 
hours, of which there are 60 to the day, 

5a5— 4105 _ 

60X137 ~ 

where, as before, x represents the elapsed time, and y the number 
of complete revolutions ; from which we have 

35= 821 + 1644 . y, 

When y = 0, cc == 821, 

„ 1 / =: 1, 35 = 2465, etc,, etc, 

THE SUllYA SIDDHANTA. 

Of all the astronomical works, however, of the Hindus, the one 
whicli claims particular attention is the Surya Siddhanta, as before 
stated. 
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^ othing authentic is known of the compilers of this work, mucli 
less of its composers, although considerable speculation has existed 
regarding its origin. Colebrooke says: — '‘Both Varaha-Mihira 
and Bralimegapta speak of a Saura (or Suiya) Siddhanta, which is 
a title of the same import. Again, more than one edition of a 
treatise of astronomy lias borne the name of Surya (with its synonym, 
the siiu) ; for Lacshniidasa cites one imder the title of Vrihat Surya- 
Siddhanta — in that commentator’s opinion, and consistently wiuh 
his knowdedge, more than caie treatise bearing the same name 
existed.” 

Colebrooke, when discussing the question of the antiquity of the 
Surya Siddhanta with Bentley, admitted generally the position : — 
'‘That the date of a set of astronomical tables, or of a system for 
the computation of the places of planets, is dediicible from the 
ascertainment of a time when that system, or set of tables, gave 
results nearest the truth, and granting that the date mentioned 
(about 928 A.D.) approximates witbin certain limits to such an 
ascertainment—the book which w-c have .•now under the name of 
Surya or Saura Siddhanta may have been, and probably was, 
modernised from a hiore ancient treatise of the same name.” 

No certain information is derived fiom internal evidence regard- 
ing its origin. The w^ork itself states that at the end of the Krita 
Yuga, a great demon named Maya is called upon by a man of 
divine origin, to listen to a discourse upon the science of astronomy, 
which had undergone some changes from what it had been in more 
ancient times, in these words : — 

“ Hear attentively the excellent knowledge wdiich the sun himself 
formerly taught to the great saints in each of the Yugas. 

”I teach you the same ancient science wduch the sun himself 
formerly taught. The difference (between the present and the 
ancient works) is caused only by time, on account of the revolution 
of the Yugas.^’ 

The commentator adds : — " Area (the sun), addressing Meya, trho 
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attended with reyerence, said, ‘ Let your attention, abstracted from 
hnman concern, be wholly applied to what I shall relate. Surya, 
in oYcry former Yoga, revealed to the Munis?, the invariable science 
of astronomy. The planetary motions may alter, but the principles 
of the science are always the same.’ ” 

It may be supposed that ^foya represoiiN some early disciple, to 
whom the Acharya or teacher is giving instruction, and after thus 
calling his atter 4 tioii to the subject, he proceeds to the distinction 
between tw'o hinds of time, one of which is jncasnrahlc, the other 
immeasurahle. The measurable is that to which mortals are limited, 
the immeasurable is that which may approximate to the in- 
finitesimally small, or to the ini^itely great. In calculation it not 
infrequently happens that small fractions of time arise, which are 
required to be expressed with perfect accuraejq and as this is m)t 
always possible, different methods arc adopted for approximating 
to a true value. Since the introduction of decimal fraction^, the 
more ancient divisions of tii'^e in Europe are being gradually 
abandoned. In Eastern o^ountries tables of time includes not only 
days, Lours, minutes and seconds, hut also thirds, fourths, etc., and 
the scxagcj'iinal division of the day into 60 Ghaticas (Indian hours), 
the Ghatica into 60 Palas, and a Pala into six Pranas, has some 
mnalogy to the sexagesimal diviRio(U of the circle, in the six timcvS 
sixty degrees of the Ecliptic, the degree into sixty minutes, the 
minute into sixty seconds, and so on to thirds, fourths, etc. 

The ancient cycle of 60 years common to the Chaldeans, the 
Chinese, and the Hindus, consisted of five of Jupiter’s periods of 
revolution, each of which consists of twelve solar years nearly. 

From analogy, it might appear that the cycle of five solar years 
of the Vedic Calendar, as described in the 1st volume of Colebrooke’s 
Essays, may have been adopted from its consisting of nearly five 
times twelve, or 60 synodic periods of the moon. 

In the iBrst chapter of the Institutes of Menu, which, according 
to Sir W. Jones, is one of the oldest Sanscrit books after the Vedas, 
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there is a table or arrangement of infinite time, expressed in divine 
years, of which the follo^ving is an extract : — 

The snn causes the division of day and night, which are of two 
sorts, those of men, and those of the Gods ; the day for the labour 
of all creatures in their several employments ; the night for their 
slumber. 

A month is a day and night of the Patriarchs, and it is divided 
into two parts ; the bright half is their day for laborious exertions ; 
the dark half their night for sleep. 

A year is a day and night for the Gods, and that, also, is divided 
into two parts ; the day is when the sun moves towards the North ; 
the night when it moves towards the South. Learn now the dura- 
tion of the day and night of Brahma, with that of the ages, respec- 
tively and in order. 

‘^Four thousand years of the Gods they call Krita (or Satya) 
Age; and its limits at the beginning and at the end are in like 
manner as many hundreds. ^ 

In tlic three successive ages, together with their limits, at the 
'beginning and end of them, are thousands and hundreds diminished 
by one. 

'‘T|his aggregate of four ages, amounting to twelve thousand 
divine yeturs, is called an age of the Gods; and a thousand such 
divine ages added together must be considered as a day of Brahma. 
His night has also the same duintion. 

The before-mentioned days of the Gods, or twelve thousand of 
their years, multiplied by seventy-one, form what is named here a 
Manuwantara. There are alternate creations and destructions of 
worlds through innumerable Manuwantaras. The Being supremely 
desirable performs all this again and again.^' 

A similar arrangement is given in astronomical works of later 
times, but with the ages reckoned in years of mortals, and, for 
comparison, the following extract is taken from the Surya 
Siddhanta: — 
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Extract from the Surya Siddhanta. 

A solar year consists of twelve solar months ; and this is called 
a day of the Gods * 

^^An Ahoratra (day and nigiht) of the Gods and that oi the 
Demons are mutually at the reverse of oacli otlier (viz., a day of 
the Gods is tjlio night of the Demons, and, eonvcTsely, a in<j:ht of 
the Gods is a day of the Demons). Sixty Ahoratras multiplied hy 
six make a year of the Gods and of the Demons. 

'^The time containing twelve thousand years of the Gods is ealltd 
a Chatur Yuga (the aggregate of the four Yugas, llrita, Treta, 
Dwapara, and Kali). 

These four Yugas, including their fSandhya and Sandhyansa,t 
contain 4,320,000 years. 

The tenth part of 4,320,000, the numher of years in a Great 
Yuga, multiplied by 4, 3, 2, 1, respectively, niakc up the years oi 
each of the four Yugas, Krita and others, the years including their 
own sixth part, which is collv^.clively the number of years of Sandhya 
and Sandliyansa (the periods at the commencement and expiration 
of each Yuga). 

According to the technicality of the time called Murta, 71 
Great Ic ugas (containing 306,720,000 solar years) constitute a ]\Ianu- 
waiitara (a period from the beginning of a Manu to its end), nri/l 
the end of it, 1,728,000, the whole number of (solar) years of the 
Krita, is called its Sandhi ; and it is tlio time wlien a universal 
deluge happens. 

‘‘Fourteen such IManus, with their Sandhis, constitute a Kalpn, 


The Gods are supposed to reside on lyfouiit ]\feru under the North 
Pole, where the day lasts for six months. 

The Demons are said to reside at the Soiitli Poh'. 

t Sandhj^a and Sandhyansa are the Dawn and Evening Twilight, 
and as the days of mortals have these, so also from analogy those of the 
Gods had them likewise. 
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at the teginning of wliicli is the fifteenth Saiulln, which contains 
as Tiuany years as a Krita does. 

''Tims, a thousand of the Great Yugas make a Ivalpa, a period 
which destroys the whole world. It is a day of the God Brahma, 
and liis night is equal to his day. 

"And the age of Brahma consists of a hundred years, according 
to the enumeration of day and night. One-half of his age lias 
elapsed, and tliis present Kalpa is the first in the remaining half 
of his age.^* 

In these tables of long periods of time, the ago of the Gods of 
1 2,000 diyine j^ears, when multiplied by 360, the number of Saura 
days in the ancient Saura years, becomes 4,320,000 years, or the 
Malia Y\iga. Tor a divine year is 360 years of mortals; and thus 
a day of Braluna of .1,000 di\ine ages, becomes 4,320,000,000 years 
of mortals, named the Kalpa. 

Botli these numbers liave been reecuved, in modern times, with 
much curiosity, and sometimes, with abuse, when mistaken for 
mimbers supposed to exaggerate periods of chronology. 

They are, hoAvever numbers, which were adapted for the purpose 
of facilitating astronomical calculations, and they admit of a rational 
ex]danation. 

THE MAHA YUGA. 

¥irst — With reference to the Maha Yuga: — 

The most ancient sidereal year, both in India and in Chaldea, was 
assumed tt» consist of 360 Saura days. 

The ancient Saura day is the variable time whicli the sun 
takes in its motion over each degree of the Ecliptic, the aggregate 
being the same as the number of parts into which the circle of the 
licliptic is divided ; and from this, the apparent sidereal revolution 
of the sun, or the sidereal year is 360 Saura days. 

But the Hindu astronomers also reckoned the sidereal year in 
mean solar time to be 365 days 6 hours 12 min. 36 sec., according 
to Pulisa, or, as a mixed number, = mean solar days. 



Astronomical Works of the Hindus. 


177 


Now, the absolute time of the apparent revolution of the sun in 
its orbit, or the sidereal year, is the same for both. 

A divine day = 360 Sanra days =:365f mean solar days. 

A divine year = 360 Saura years=360X»h]52-2 J mean solar days. 
12,000 deva years rr 12,000X360 
Saura years, or 

The Maha Yiiga = 4,320,000 
Saura years 

In the Surya Siddhanta the days of the Maha Yuga are reckoned 
to be 28 days more than in the Pulisa Siddhanta, i.e., the Maha 
Yuga = 4,320,000 years = 1,577,917,828 days. 

These two large integers, or other integers which are taken as 
eqtiivalent to them, are fundamental in Indian calculations, which 
relate to the positions of the planets, such as their longitudes, times, 
from the epoch conjunctions, and oppositions, etc., etc. 

Tho Maha Yuga, as a constant, is the same number in all 
Siddhantas, but the number repjesenting tho days in a Maha Yuga 
is slightly different in soqje of them. The above number of daj^s 
is that which is given in the Pulisa and some other Siddhantas. 

In the Surya Siddhanta there are 28 days more, which would 
make a difference of only the fraction of a second in the length of 
the year, when divided among so many millions. In the Brahma 
Siddhanta, however, the number of days is given fewer by 1350 
than the above, which would make the year less by about 27 
seconds, and in the Arya Siddhanta it is made less by about six 
seconds. 

As compared with European estimates of the sidereal year, those 
of the Siddhantas are all nearly four minutes too great. 

The subjoined table from Colebrooke’s Essays (Vol. II., p. 415) 
shows the number of revolutions made by the planets in a Maha 
Yuga, as specified in several Siddhantas ; - 

K 


=r 1 ,57 7,9 1 7,800 mean solar day s. 
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1 

1 

! 

According to 
PuliSii, quoted by 
Bhattotpala, 
in II Malia Yuga. 

According to the 
Surya Siddhanta 
in a* Maha Yuga. 

According to 
Brahmogupta 
iu a Ualj^a. 

i 

Sun 

4,320,000 

4,320,000 

4,320,000,000 

Moon (Periodical) . . 

57,753,336 

57,763,336 

57,753,300,000 

Mars 

2,296,824 

2,296,832 

2,296,828,522 

[Mercury 

17,937,000 

17,937,060 

17,936,998,984 

Jupiter 

364,220 

364,220 

364,226,465 

VenuR 

7,022,388 

7,022,376 

7,022,389,492 

Saturn 

146,564 

146,568 

146,567,298 

Days in a Maha 1 
Yuga or Calpa j 

1,577,917,800 

1,577,917,828 

1,577,916,450,000 


It Tvill be 8eea that they aiV not entirely in accord with each 
other. Thi^ want of harmony is accounted for by eliangcs which 
these elements undergo in long periods of time, making it necessary 
from time to time to introduce corrections (or Bija). The com- 
mentator of the Surya Siddhanta says : — The variation in the 
planetary motions is mentioned in the Vishnu Dherniotter, which 
directs that the planets he observed l^y an instrument whereby 
their agreement or disagreement may be determined in regard to 
their computed places ; and in case of the latter, an allowance of 
Bija accordingly made/' 

The commentator Narasinlia remarks that Vasishtha in his 


Siddhanta also recommends this occasional correction of Bija, and 
that it was the practice with Aryabhatta, Brahmegupta and others 
, . . . He says : — A Ganita Sastra, whose rules are demon- 


strable, is true ; and when conjunctions, oppositions, and other 
planetary phenomena, calculated by such Sastras, are not found to 
agree with observation, a proportionable Bija may be introduced 

without any derogation from their credit^’ 

And again; — a planet’s place computed both by the Surya 
Siddhanta the Parasara Siddhanta should be found to differ, 
which rule must be received as right P I answer, that which agrees 




Astronomical Woi'ks of the Hindus, 


179 


witli his place by observation, and the Munis gave the same 
direction.” 

Ti’lie celebrated matlieinaUcian and astronomer Giinesa nientiotis 
that the Gralias (planets) were “right in their computed places, in 
the time of Brahma, Acharya, Vasishtha, Casyapa, and others, by 
the rules they gave, but in length of time they ditt'ered. ... In 
the beginning of the KaK Tuga, Parasara’s book answered, but 
Aryabhatta, many years afterwards, having examined the heavens, 
found some deviation, and introduced a correction of Bija. After 
him, when further deviations were observed, Durga Sinha, Mihira. 
and others made corrections. After them came the son ofJishiui 
Erahmegupta, and made corrections. Afterwards (V^sava settled 
the places of the planets ; and, sixty years after Osava, his son. 
Ganesa, made corrections.” 

A similar table (of planetary revolutions) is given in our modern 
wc'iks of astronomy, the difference being that the periodic time is 
for one sidereal revolution of a ^anet instead of the time (a Maha 
Yuga) for a great number reTolutio:ns of the same planet. Thus 
the sidereal period of one revolution of the earth is given in modern 
works as 305.2563744 mean solar days, a mixed number consisting 
of an integer 365 and a fr action carried to seven places of decimals. 
But if this mixed number bo reduced to a vulgar fraction it becomes 
which means that in ten millions of revolutions of the 
earth, or ten millions of sidereal years, there are 3,652,563,744 
mean solar days. Thus we, by the use of a decimal point, express 
precisely what the Indian mathematicians meant to convey by the 
use of their system of large integral numbers. 

The use of the great numbers (4,320,000 years, or 1,577,917,828 
days), representing the years and days in a Maha Yuga, and the 
corresponding number of revolutiems described by each of the 
phmeta in that time, might be exemplified in a variety of cases ; 
but one or two examples will be sufficient here. They will illustrate 
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the ease with which sudh calculations are made. Other examples 
as proposed in some of the Siddhaiitas have been already given. 

IT sing the subjoined table, formed from the words by which tliey 
are expressed in the Surya Skhlhanta : — 

Num'ber of roYoliitions 
in. a Groat Yufija. 

The Him 4,320,000 

Mercury . . . . . . . , 1 7,937,060 

Venus 7,022,370 

Mars 2,296,832 

Jupiter . . . . . , . . 304,220 

Saturn 146,508 

TheMoun 57,753,336 

and 53,433,336 Synodic revolutions. 
The Moon’s Apogee . . .f, 488,203 

„ Node . . . . 232,238 

Number of days 
in a Great Yuga. 

Sidereal days 1,582,237,828 

Solar days.. .. 1,577,917,828 

Lunar days , . . , . . . . , . 1,603,000,080 

Lot it be required to determine the number of revolutions, and 
parts of a revolution, made by the moon in a year. 

In the column of the table Surya Siddhaiita, the number of re- 
volutions of the moon in a Maha Yuga is given, 57,753,336 ; divid- 
ing this number by 4,320,000, the years in a Maha Yuga, and in the 
successive divisors, omitting the factors 12, 30, 60, we have 

4,320,000)57,753,330(13 revolutions, 

56,160,000 

360,000)1,593,386(4 signs, 

1,440,000 

12,000)153,336(12% 

144,000 

200)9,336(46', 

^,200 


17 / 

200 ^ ^ 
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That is to say, this makes 13 revolutions 4 signs 12’ 46^^' in 
one year. 

As a second example, let it be required to find the length of the 
sidereal year, from the days in a Maha Yuga. Reversing the 
process, and dividing the days by the apparent revolutions of the 
sun, and omitting in succeeding divisors the factors 24, 60 and 60 
we have 

4,320,000) 1,577,917,800(365 days, 

1,576,800,000 


180,000)1,1 17,800f 6 hours, 

1,080,000 

3,000)37,800(12 minutes, 

^ 6,000 

50)1,800(36 seconds. 

1,800 

The sidereal year =: 365 days 6 hours 12 minutes and 36 seconds. 

UN tllE KALPA. 

The peculiar form inT which the construction of the Kalpa is 
expressed attracted much attention more than a hundred years ago, 
and various theories were put forward to account for it. 

Le Geritil had discovered from astronomical tables of Tirvalore 
that the Hindus made the value of the precession of the Equinoxes 
54^', and this value is also assumed in all the modern Siddhantas. 
Sir W. J ones suspected that a more correct value of the precession 
had been obtained at some earlier period than that in which tlie 
Surya Siddhanta was compiled, and that it had a connection with 
the 14 Manuwantaras. He says : — We may have reason to think 
that the old Indian astronomers had made a more acounite calcula- 
tion, but concealed their knowledge under the veil of 14 Manuwan- 
taras, 71 divina ages, etc/' 

After referring to the relapse of the astronomers into error with- 
out apparent cause, he concludes his remarks thus ; — Now, as it 
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13 hardly possible that such coincidences should be accidental, we 
may hold it nearly demonstrated that the period of a divine age 
(4,320,000 years) was at first merely astronomical, and may conse- 
quently reject it from our enquiry into the historical or civil 
chronology of India.” 

Since the time of Sir W. Jones, Bentley, in his ^‘Astronomy,” 
(page 26), as before stated, says that the astronomers in 946 B.C,, 
among other things, had determined the rate of precession of the 
Equinoxes, which they found to be 3"^ 20' in 247 Hindu tropical 
years and one month; this gives the precession = 48*56661" or 
about 1*43" too small. 

For the purpose of examining the preceding construction, follow- 
ing backwards the order in whfvh the Kalpa has been formed, we 
have : ^ — 

1 Kalpa . . . . =14 Manuwantaras-f-l Krita. 

The Manuwantara . . =71 Great Yugas+1 Krita. 

A Great Yuga . . = 10X432,000 years. 

The Krita . . . . = 4X432,000 years. 

,*. The Manuwantara = 7 10 X4:32,000-(-4X 432,000. 

= 714X432,000. 

The Kalpa = (14X714+4) 432,000 = 4,320,000,000. 

It is seen that this number consists of tw^o factors, 14X714+4, 
which has the form n-\-r = 10,000 and the co-efficient 432,000. 

The form of the number shows that its inventors had an especial 
design in view in its construction, i.e., to multiply the Kali period 
with tjh© significant figures 432, unchanged. If they had no other 
design, there would have been no reason why they should have 
deviated from the rule laid down in the Institutes of Menu, which 
only required that they should multiply the divine age by a thou- 
sand. If they had merely mshed to multiply 432,000 by 10,000, 
they would not have taken the trouble to have put the operation 
into such a singular foon. It is clear that they did not wish to 
alter the factors already existing, in the Kali Age, namely, 



Astronoymcal Works of ike Hindus. 


183 


60X60X60X2, and that they especially wished to multiply by 
10,000, so that their system would still be in confonuity with that 
which was established in the Institutes of Aleiiu and in the Vedas. 

Kow, there are a groat many ways in wdiieh they might have 
multiplied by 10,000, and the fact that they selected this special 
form (14X714+4) shows design. The Jiumber is one out of the set, 
m n+r = 10,000. 

If we take m to be any number less than 100 which is not one 
of the eleven flictors of 5“* X2^ (each of wliich would divide 10,000 
without a remainder), it would find by division a number which 
would have the form rn '/i+r, and thei*e would be 89 such cases, 
thus, 

10,000 = 3X3,333+1 = OX H>, (>06+4 = 7X1,428+4. 

= 9X1,111 + 1 = 11X909 + 1 = I2XB33+4. 

= 13X769+3 =: 14X714+4. 

And so on, we might go through the whole of the 89 cases. 

Out of all these cases, it i% incredible that the particular form 
14X714+4 should have j^een selected by cbaiice. 

Let us for a moment suppose that the astronomers who invented 
the Kalpa had made? the discovery that in 714 years the Solstice 
(as a close approximation) had retrograded 10°, as, for example, 
from coincidence with Kegulus to about 1° short of the beginning 
of the Naeshatra Magha, through which point the great circle, the 
line of the Kishis, before referred to, was assumed to ]>ass. Then 
the Solstice would have gone back 14"^ in 1,000 years, or 140° in 
10,000 years. 

In 140^ there are 504,000 seconds, which, divided by 10,000 
gives the precession = 50*4". 

That this coincidence, out of so many adverse cases, could have 
happened by chance is not only improbable, but scarcely ]3ossible. 

It is not surprising that the true nature of the Kalpa was not 
linown to the later astronomers, w+o, in different ages, revised and 
condensed the various editions of the Siddhantas, when we consider 
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the sacred and mysterious character given to it, concealed, as the 
precession was, amid a cloud of words, and guarded by the sacred 
names of the Gods, a circumstance which would seem to forbid the 
meddling of profane or common men. Moreover, the compilers of 
the Siddhaiitas and later Hindu astronomers may have considered 
it merely as a great number, v hich they had seldom occasion to use. 
Hut (wen if they could have had any suspicion of its true nature, 
and if its connection with the precession could have been supposed 
by them as probable, tliey wcmld have been prevented from pursuing 
the investigation by the existence of rules, which gave a less perfect 
value of the precession than that of the Kalpa, One of the best of 
these is that contained in the Siddhanta itself, which gives 

54" for it. This rule was accepted by llhaskara and other writers; 
it is refeiTed to by the author of the Ayeen Akbery, by European 
writers in India, and also by B a illy and Playfair, as a remarkably 
close approximation for a period so early. 

If this precession of 54" had ]peen taken in the form of the 
number already referred to, it would havtj corresponded with m =: 15, 
or 10,000 = 1 5X066 -f- 10, which is totally different in form from 
that of <ho Kalpa, 

Again — m is just one of the numerous indeter- 

minate e<juations of the Hindus, which abound in their mathematical 
astronomy — equations the solution of which their early writers 
sometimes challenge each other in grotesque language. 

The seventh and eighth sections of the XVHI. Chapter of the 
Bralimegupta Siddhanta are made up of astronomical questions of 
this nature, and a few specimens have been already given p. 169. 

At the end of the chapter Brahmegupta extols a practice which 
would appear to have been prevalent in Ids time, of reciting such 
algebraical problems and proposing them for solution “in an 
assembly ol Ine people.” 
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PART II. 

-Hfc-I ^ j.-#- 

CHAPTER I. 

DESCRIPTIOxN OF THE fcSURYA SIDDHANTA. 

One of the best known of tlie astronomical works of the Hindus, 
whicli has descended to the present time, written in the Sanscrit 
language, is the Suiya Siddhanta. It is, however, a work adapted 
not so much for the schools as for the observer, and intended to 
instruct, not so much in the princ||ples of the science as in the appli- 
cation of the rules. ^ 

The leader is directed to add and subtract, to multiply and to 
divide, and extract the square roots of the numbers he uses, and in 
the end he will find the result will agree with his observations. 

The work itself is a compilation— a collection of aphorisms, a 
syllabus of formuloe — expi’essed in words so brief, and exact, as to 
become almost unintelligible, and requiring a great exercise of 
modern mathematical knowledge to discover their meaning, to test 
their accuracy, and to ascertain how far they apply to the subjects 
they refer to. 

Tlie first chapter (Par. 1 — 8) begins with an invocation, aud this 
is followed by a short introduction regarding the origin of this 
work. 

The science of astronomy is said to have been communicated by 
the sun to a great demon or spirit named Maya, through the agency 
of a man bom from himself. 
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The figurative language here used might perhaps he translated 
to us, as the spirit or natural genius of Maya, by which men were 
led to the study of mathematics and astronomy, in which, by aid 
(»f the sun, information regarding the moon and the planets (whose 
paths were all near the Ecliptic) might be obtained. Observation 
showed that sometimes at points of the crossing of their paths, 
their meetings with each other occasioned partial extinction of their 
lights, as in eclipses, occultations, and otlier jihenomena. The 
knowledge thus obtained was held to be a divine Itnowledge — a 
revelation not to be divulged to irreligious or common people, but 
only to disciples, who received it as a sacred and secret 
communication. 

The ninth and tenth paragraphs make a distinction between 
time : First, as endless and continuous ; and, secondly, as that which 
can be known. 

The latter is of two kinds, one called Murta (measurable), the 
other Amurta (immeasurable). ^ 

(11) Time that is measurable is tly^-t which is in common use, of 
which a table of units is formed, beginning with the prana, which 
consists of four of our seconds. The pala contains six pranas. 

(12) The ghatica is 60 pahas, and the Naeshaira Ahoratra, or 
sidereal day ami night, contains 60 ghaticas. A Naeshatra Masa, or 
sidereal month, coiivsists of 30 sidereal days. 

A distinction is made between the sidereal day and the Havana, 
or terrestrial day, the foimer being uniform, and the latter reckoned 
from one sunrise to the next, is, of course, variable, but, in the 
aggregate for the year, it is of the same length. 

The Savana month consists of 30 Savana days. 

(13) The Lunar month consists of 30 Lunar days or Tithis. It U 
the moon’s synodic period from one new moon to the next, and the 
thirtieth part of this period i&, therefore, the Lunar day. 

A Solar, or Saura year consists of 12 Saura months, and this is 
called a Beva day, or a day of the Gods. 



Deavriptian of the Surya Siddhanta. 


187 


The Saura month is the time which the sun takes to moYe from 
the beginning of one sign of the Zodiac to the next, and the Solar 
or Sauxa year is reckoned to begin at the Sancranti of Mesha, that 
is, at the moment when the sun enters that sign. This is also the 
first point of Aswini, and within a few minutes in arc of the star 
Revati, identified, according to Colebrooke (Essays, VoL II. p. 464), 
as the star ? Pisoium, whose longitude, rectified to the beginning 
of 1800 A.D., was 17^ 4' 48% and latitude 13' 11" S., so that, 
reckoning the mean annual precession at 50% the longitude of the 
first point of Aswini is 18^ 24' 48" from the Vernal Equinox of the 
present year 189G. 

From paragraph (13), it would ^pear that the Saura year, or 
Deva day, when first instituted, consisted of 360 Saura days, each 
of which was considered to be the time taken by the sun to mo\ e 
over a degree of the Ecliptic. Consequently, these astronomical 
days were of unequal length, the mean of which would be greater 
than the true mean Solar day, sii^c the mean velocity each day is 
only 59' 0*7". 

That this ancient day is still retained in the Siddhantas implies 
that the mean Solar day of the later works on astronomy has not 
the same meaning as the Saura day of ancient times. 

From the 16th to the 19th paragraphs, we have the formation of 
the large periods of time the Maha-Yuga and the Kalpa, the rules 
of which have been already cited and explained, and which were 
intended to fix, in the past, certain epochs, at each of which, for 
different purposes, it was found convenient to assume a common 
origin for astronomical calculations, and from which epoch, in 
order to simplify the computations, the sun, the moon, and the 
planets, with their nodes and apsides, might be assumed to start 
together from the same point of the Ecliptic, namely, the first point 
of Aswini. 

The position or place of each planet for any given time after the 
epoch would then depend only on determining, by simple proportion, 
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between the number of revolutions in a Maha-Yuga^ the correspond- 
ing required revolutions in u given time from the epoch. 

Paragraph (20) assumes the Ivalpa to be a day of Brahma, and 
his night to be ecpial to his day. 

In 21 it is stated that the age of Brahma consists of 100 Kalpas, 
one-half of which has passed away, and that the prescuit Balpa is 
ilie first of the reimaining half. 

(22-23) From the beginning of the present Kalpa there have 
passed away six Manus with tlieir Sandhis ; and the Sandhi which 
is at the beginning of the Kalpa, 27 Maha-Yugas, and the Krita- 
Yuga at the beginning of the 28th. 

(24) The sum of these is 5,474,400 Beva years, from which is to 
be subtracted 47,400 Deva yc^s, wdiich were passed by Brahma in 
creating animate and inanimate things. The remainder is the 
time elapsed from the beginning of the present order of things 
before the end of the Krita-Yuga — 5,427,Ql00 Deva years. 

In paragraph 25 it is stated ^hat, “ the planets in their orbits go 
rapidly and continually with the stajs towards the West, and hang 
down at an equal distance as if overpowered (or over-matched in 
speed) by the stars."' 

(2G) Therefore the motions of the planets appear towards the 
East, and their daily motions, determined by their revolutions, are 
unequal to each other in consequence of the circumferences of their 
orbits ; and by this unequal, motion they pass the signs." 

(27) *'The planet which, moves rapidly requires a short time to 
pass the signs, and tho planet that moves slowly passes the signs in 
a long time." 

In explanation of these three passages it is to be understood that 
Hindu astronomers hold the opinion that the planets move in their 
orbits with the same actual linear velocities, and that it is owing to 
ihe circumference of the orbits being of greater or less dimensions 
that the planets moving in them appear to move more slowly or 
more rapidly. 
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Thus, the Hindus found that the circii inference of the moon’s 
orbit was 324,000 Yojaiias, and the periodic time being 27.3216 
days, the daily motion in her orbit would be 11,858| Yojanas nearly. 
Then, according to this theory, for any otlier planet the circum- 
ference of the orbit ==- rxll,858£ Yojanas; P being liere put for 
the periodic time of the planet. 

This opinion that th(‘ motion of all the planets was caused by a 
velocity in their orbits, which was the same for all alike, Avas pre- 
valent not only in the East, but also in Europe even to the times of 
Kepler and Kewton. This is evident from the manner in which 
Kepler combatted this doctrine, and the important use he made of 
it. Soon after the death of Tycho, Kepler “made many discoveries 
from Tycho’s observations. He fo\*Jd that astrononiers had erred 
from the first rise of the science in ascribing always circular orbits 

and uniform motions to the planets He easily saw 

that the higher planets not only moved in greater circles, but also 
more slowly than the nearer ones, so that, on a double account, 
their periodic times verc greater. ^^ Salurn, for example, revolves at 
a distsnic(^ from the sun nin^ times and a half greater than that of 
the earth s, and the circle described by Saturn is in the same pro- 
portion; and, as the eartli revolves in a year, so, if their velocities 
were cfuial, Saturn ought to revolve in nine years, but not in so 
great a propqrtion as the squares of those distances (^the square of 
9^ being 90 J) for if that were the law of their motions, the periodic 
time of Saturn ought to have been above 90 years. 

A mean proportion between that of the distances of the planets, 
and that of the squares of those distances, is the true proportion of 
the periodic times, as the mean between 9| and its square, 90|-, gives 
the periodic time of Saturn in years. 

Kepler, after having committed several mistakes in determining 
this analogy, hit upon it at last in 1618 (May 15th), for he is so 
exact as to mention the precise day when he found that ^tlie squares 
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of the periodic times were always as the cubes of their mean dis- 
tonces from the sun/ ** — (Maclatmn). 

(28) Gives the table of circular units, which, with Indian names, 
is the same as that in general use, beginning with the Vikala, or 
second of arc, thus : — • 

60 Vikalas make 1 Kala, a minute. 

60 Kalas „ 1 Ansa, a degree. 

30 Ansas „ 1 Rasi, a sign. 

12 Rasis „ 1 Bhagana, a revolution. 

P>om verses (28) to (33) there are given in detail tlie numh(*r of 
revolutions made by each of the planets, vriih the nodes and apogees 
of the moon, in a Maha-Yug|j ’ they are given in detail, hut are 
here arranged in Table I. 

They must have been derived from similar numbers previously 
existing, before the time when the Rurya Siddhanta was compiled, 
in forms w'hich had undergone numerous alterations and oorrecticais, 
from time to time, to bring Chem into agreement with later 
observations. 

This table is employed in all the exact problems of Indian 
astronomy. 

It is a^sllmed that, at the Creation, the sun, the moon, and the 
planets, with their apsides and nodes, began their motions together 
from nearly the same first Meridian, and at the beginning of each 
Maha-Yuga the sun, the moon, with the moon’s apsides and nodes, 
were reckoned to he then in conjunction in the line joining the (irst 
point of Aswini, or of Mesha, wdth the centre of the earth. 

Hence, the mean places of the planets, and most of the problems 
relating to longitudes, such as those of conjunctions and oppositions 
were determined by rules which depended only on simple propor*' 
lion, when the epoch was a given date in the past. 
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Table I. 

Revolutions of the Planets, &c., in a great Yiiga; — 


The Sun 

4,320,000 

The Moon, Sidereal revolutions 

57,753,336 

Mercury 

17,937,060 

Venus 

7,022,376 

Mars ... 

2,296,832 

Jupiter... 

364,220 

Saturn 

... 146,568 

Moon’s Synodic revolutions ... 

5.3,43.3,336 

11 Ai)Ogee 

488,203 

„ Nodes 

232,238 


The Number of Savana days in a Maha- 


Yuga is 1,577,917,828 

The Number of Lunar days in a Maha- 

Yuga is 1,603,000,080 

From verse (34) the number of si^^ereal revolutions in a Great Yuga 
is 1,582,237,828. The numj\>er of risings of a planet in a Great 
Yuga is the difference between the number of sidereal revolutions 
and the planet’s own revolutions. 

(35) The number of lunnr months is equal to the difference 
between the revolutions of the moon and those of tlie sun. 

The number of Adhima^as, or additive months, is the difference 
between the lunar month vS and the solar. 

(36) The difference between the lunar days and the savan days is 
the number of subtractive days. 

(^37) There are 1,577,917,828 terrestrial or savan days, and 
1,603,000,080 lunar days in a Great Yuga. 

(38) Also 1,593,336 additive months, and 25,082,252 subtractive 
days, 51,840,000 solar months in a Great Yuga. 

The large numbers given in verses (34) to (39 ) are of great importance 
in the construction of the Hindu luni-solar year. 
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If tlie ratio be formed between tbe additive months and the solar 
months in a Yuga, we have 

Additive M onths 1,593,036 1 

Holar Months 51, 840^000 32-53603 

In like manner, the ratio of the additive months to the hinar 
months in a Great Yuga is 

Additive Months 1,593,336 1 

Lunar Months ~~ 53,433,330 33^5355 

Hence, the ratio of the solar months to the lunar months : 

Solar Months __ 32*53603 
Lunar Months 33*5355 

Which shows that for the intercalation, one month is to be added 
to 32 1 solar months in order to find the corresponding number of 
lunar months. € 

The double month, called Adhimasa, thus intercalated, makes a 
month of 60 lunar days or Tithis, 

Another adjustment is also required in the luni-solar year, for 
the difference between the lunar and solar day. 

The lunar day is the time wSich the moon lakes in separating 
from the sun, to the extent of 12*^ of^ arc, and this is the 30th part 
of the moon’s synodic period of 29.53058 days. 

The solar month, understood above, is the 12th part of the solar 
year of 365.25875 days. 

Now, if at any time the beginning of the lunar day was coincident 
with that of the solar day, being a shorter day, it would terminate 
sooner than the solar day, and the difference would increase daily, 
and the time when they would begin together again could be deter- 
mined from the above. 

But this is effected by means of what are called the subtracted, or 
omitted, days. 

First, if the ratio be formed of the number of subtracted days and 
the savan or terrestrial days in a Maha-Yuga, we have 
Subtractive Days 25,082,252 ^ 1 

Savan Dayr“ "" 1,677,917,828 62*9097 ^ 
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Again, the ratio being formed of the subtractive days and the lunar 
days in a Malia-Yuga 


Subtractive Days 
Lunar Days 

Or the ratio 


25,082,252 


1,003,000,080 63-9097 

Solar Days _ 62-9097 


Lunar Days 63*9097 


The correction for the two lands of days is made by subtracting 
one day from 63.9097 lunar days, in order to find the corresponding 
nximber of savan or solar days. 

Bhashara, following Brahmegupta, makes the Avama, or sub- 
tractive day, to occur in Gi-j-y tithis or lunar days, the Avama 
being a savan day. The slight dillerence in the calculation may 
be owing to Brahuiegupta’s numbers being somewhat different from 
those of the Surya Siddhanta). 

The effect produced by the added month upon the calendar is to 
put back the names of the lunar montlus, and to change the times of 
the holidays and festivals. Thofc’i occurring in the double month 
of CO days are retained in tli^ir own proper months ; but those which 
follow will all be advanced, with their respective months, an entire 
lunation. 

Paragraphs 41 to 44 give revolutions of the Apogees and of the 
Nodes in a Kalpa : — 


Of the Sun 

... 

ApogOCi. 

387 

Nodes. 

„ Mercury... 

... 

368 

488 

„ Venus ... 

... 

535 

903 

„ Mars 

... 

204 

214 

„ Jupiter ... 

... 

... 900 

174 

„ Saturn . . . 

. . . 

39 

662 


Indian astronomers were not universally in agreement regarding 
a suitable epoch. 

The commentator of the Surya Siddhanta, when remarking upon 
the difference of opinion that existed as to whether the computations 
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ought to begin with the Kalpa, or with the period stated in the 
Snrya Siddhanta, says: — is of no consequence to us which, 
since our object is only to know which period answers for computa- 
tion of the planetary places in our time, not at the beginning of the 
Kalpa. The difference foiind in computing, according to Brahme- 
gupta and the Munis, must be corrected by an allowance of Bija, 
or by talcing that diffcTence as the Kshepa; but the books of the 
Munis must not be altered, and the rules given by Brahmegupta, 
Varah-Acharija, and Aryabliatta may be used witli such precau- 
tions. Any person may compose a set of rules for the common 
purposes of astronomy, but with regard to the duties necessary in 
eclipses, the computation must be made by the books of the Munis, 
and the Bija a])plied.” 

The date of the epoch, then being given, at which time the planet 
is supposed to be at the first point of Aswini, and the number of 
days since that time being consequently knowm, we have the follow- 
ing proportion : — « 

Days in a Maha-Yuga : Revolutiorls of Planet in Maha-Yuga 
: : Elapsed days : Revolutions in elapsed time, or 

Revolutions in the \ . [ 

I Revolutions in Maha-Yuga \ Elapsed days 

elapsed time from } = — — — X < 

p' Q j j Maha-Yuga ^ since Epoch 

The result will in general be found to consist of an integral 
number of revolutions, and a fraction ; rejecting the integer, the 
fraction, if any, will be the mean longitude of the planet from the 
first of Aswini, on the first Meridian, namely, that of Ujjaini or on 
the Meridian at Lanca. 

To find the Arghana, i.e,^ the number of civil days elapsed from 
the beginning of Creation, when all the celestial moveable bodies— 
the sxui, the moon, and planets, with their nodes and apsides— were 
in conjunction, up to the present day* 
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(48-51) The elapsed years from the creation to the end of the 

Satya-Yuga, is reckoned to be 1,953,720,000 solar years 

Years of the Trita and Dwapara ... 2,100,000 ,, 

Time elapsed from the creation to ) 

^ { ... 1,955,880,000 „ 

tho beginning of the Kali-Yuga * tv t-, 


To this great number is now to be added the years that have 
transpired since the beginning* of the Kali-Yuga to tho initial day 
of the present year, which, for 1895 A.l)., is the 12th of April, the 
beginning of the Hindu solar year, the day on which the sun enters 
the Hindu Zodiac, in. the first point of Meslui, or, rather, tlie first 
point of the Nacshati’a Aswini. 

The present Kali-Yuga is estiniate^by Bailly and others to have 
begun at midnight between the 18tli luid 19(h February, 3102 B.C., 
the sun being then on the Meridian of Lanca ; the elapsed time 
from the Creation, therefore, according to the Hindu account, 
would be — 


From the creation to the Kali-Yuga* ... 

# 

And from the Kali-Y^uga to the year 1 895 A.D. 


1,955,880,000 years 

3,l0l ,, 

+1895 „ 


Or the elapsed solar years from the Creation to \ 

April 12th, 1895, ^.e., to the mean ISancranti, > 1,955,884,990 „ 

when the sun enters the sign of Meslia ... ) 

This number when multiplied by 12 gives the \ 

elapsed solar months up to the JSIcslia J 23,470,019,952 
Sancranti ... ) 

Now, as the day on which the elapsed time is required, may be 
any day m any mouth after the beginning of the year, as, for 
example, the day on wdiicli an eclipse will happen, suppose the 
months and days to be m and d respectively, d being lunar days of 
the current lunar menth ; the rule proceeds to add the number of 
months m to the above elapsed solar months, and the elapsed solar 
months (say ESM) nearest to the given time wiU then be 

23,470,019,952 +m. To make these solar months lunar, the addi- 
o 2 
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tive months proportional to E S M must be computed and added to 
E S M, 

To abbreviate the calculation assuming initial letters for the terms, 
let A JNl be the additive months in a Vuga, and S M be the solar 

months in a Yuga. Then the elapsed additive months will be 

A AT 

E AM=~xESM, 

adding this to E S M we have the elapsed lunar months nearest to 
the given day, or to the end of the last lunar month, i.e., 

elm=(i+^})esm 

This number of elapsed lunar months, multiplied by liO, and 
increased by d, is the nujtubef nf elapsed lunar days, or 

E L D=3o(i+^)xE S M+d tithis. 

The rule now requires that these lunar days, or tithis, should be 
converted into civil days, for which purpose the elapsed subtractive 
days are to be computed. < 

Again, to abbreviate, let 0 T) be;? the omitted days to be sub- 
tracted in a Yuga, and L: D the lunar days in a Yuga. Then the 
elapsed subtractive days will be, by proportion, 

EOD=~xELD 

The elapsed ojoiitted days being subtracted from the elapsed 
lunar days, will give the elapsed civil days to the end of the last 
lunar day; hence, . 

the elapsed civil days = (l“^) I' ® creation 

In this formula E S M = 23,470,619,952-|-m. 

S M = 51,840,000 solar months. 

L D = 1,603,000,080 lunar days or tithis. 

A M = 1,593,336 additive months. 

0 D = 25,082,252 subtractive days. 
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(51) Tlie rulers of the days of the week are then found and are 
indicated by the remainders on diyiding the elapsed ciyil days by 
7 ; thus, if there is a remainder 1, it indicates Ravi-Var, or Sunda}" 
the lord of which is Rari, or the sun; the remainder 2 indicates 
Soma-Var, the lord being Soma, or the moon ; remainders 3, 4, 5, 6, 
indicate Mangula-Var, Budha-Var, Vrihaspati-Var, Sucra-Var, and 
Sani-Var, the lords of wliieh ai'e Mars, Mercury, Jupiter, Venus 
and Saturn. 

(52) Rules are also given for finding the lords of the month and 
of the year. 

Rule (o3) gives the method of finding the mean place of a planet 
at any time, referred to Tianka, the first IMeridian in India. The 
number of the elapsed doys from the epoch is to be multiplied by 
the number of revolutions of the planet in a Yuga, and the product 
divided by the number of teiTcstrial days in a .Yuga ; the quotient 
will be in general a complete number of revolutions, with a re- 
mainder. Of these, the revolutic^s are to be rejected and tlie 
remainder only retained ; this is to be reduced to signs, degrees, 
minutes, etc., and in tbis form it will be the mean place of the 
planet, or its longitude from Aswini. 

(54) In the same way, the mean place of the apogee of tlie planet 
is to be found, and the same calculation applies to the nodes; but 
the nodes,* having a retrograde motion, the result in signs, degrees, 
etc., must be subtracted from 12 signs. 

In Rule (55) we have the direction for finding the so-called present 
Samvatsara. 

A Samvatsara is, as before mentioned, the time which Jupiter 
takes, by his mean motion, to move over each sign of 30°, and 
which nearly corresponds with one of our solar years. Jupiter’s 
cycle consists of 60 such periods, each of which has a name, that of 
the first in the cycle being Vi jay a. 

The rule directs that the number of elapsed revolutions of Jupiter 
|0 to be multiplied by 12, and to the product is to be added the 
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number of signs intervening between the place occupied by Jupiter 
and the beginning of Stellar Mesha ; the sum is then to be divided 
by 60^ which will consist of on integral quotient, and a remainder ; 
tbo remainder, reckoned fi’oin the period called Vijaya, is the re- 
quired Sam vat Sara. 

Rule (56) suggests the ])eginning of the Trita-Yuga, as a convenient 
epoch from which to coinpiite the elapsed time, for the pxirpose of 
finding the moan places of the planets. 

Rule (57) continues that at this epoch tlie mean places of the 
planets, with the exception of their apogees and nodes, were together 
coincident in the first point of Mesha. 

Rule (58) further states that the ])lace of the moon’s apogee was 
then 9 signs, and hen ascenrfnig node 6 signs, and that the apogees 
and nodes of the five planets had Ksewne \iricertain amount of signs 
aiul degrees. 

In (59) it is said that the diameter of the earth is 1.600 Yojanas, 
and that the pj'oduct of the dipmeter by the root of 10 will be the 
circumference. This method of finding the circumference of a 
circle from its diameter is only one of many that were employed for 
this purpose in the Siddhantas, some of them giving much nearer 
approximations to the true ratio of the circumference to the diameter. 


Amongst them are 


4966 22 
1581' 7' 


and the still nearer value 


119208 


which is given by Bhascara in the Siddhanta Siromani. It is said 

62832 

also that Aryabhatta gives , and that it was only for con- 

venience of calculation that the circumference was taken as 
diameter x vTo. 

The process by which the Hindus obtained an approximate know- 
ledge of the circumfeience and diameter of the earth, was, no doubt, 
with the aid of mid-day shadows, cast on planes by lofty objects, 
such as the spire of a temple, or" vertical poles in different places oh 
the same Meridian at the same time of the year (for instance, ah 
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Equinox or a Solstice), the distance between the places being known 
or measured. 

The Aryans, in their niigrations and progress Southward, must 
have observed that the sliadow of tlie same object, ns, for example, 
a tent-pole (an observation necessary for their religious observances 
at the time of the Solstice), would contimialJy diminish as the 
latitudes of the places arrived at decreased. 

On account of the great distance of the sun, rays of light fiom it 
may be considered as coming to all parts of the tejrestrial hemis- 
phere on wldch they fall, in parallel lines. 

For, if we suppose two places A and B are on the same Meridian, 
the earth being assumed as a sphere, rays to the summits of two 
vertical objects, A M nnd B N, worflfl be in parallel lines, S M and 



S N forming the vertical angles S M a and S N 6, or the Zenith 
distances of the sun at the two places. If 0 he supposed to be the 
centre of the earth, and S C the direction to it, of a ray from the 
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sun, A C and B 0 being radii from A and B to the centre, then the 
angle A C S is equal to the angle a M S, and the angle B C S is 
e(|ual to the angle h N S. Therefore, the angles ACS and B C S are 
the zenith distances of the sun observed at A and B at tlie same 
time. 

Now, the angle A; G B is the difference between these two angles, 
and it is measured by the arc A B, the difference of latitude between 
the two places. Hence, if the arc A B (the distance between A and 
B) be measured in Yojanas, and assumed equal to a, then, by 
proportion — 

A B in degrees ; 360° :: a : earth’s circumference 

or the earth's circumference = X yojanas. 
r' 

The method of measuring the arc of a degree of the Meridian, 
the earth being considered as a sphere, w'ns 'well known to the Hindu 
astronomers, as is clearly shoAvn hy Bhascara in the Siddhanta 
Siromani, in his refutation of the opinion of the Jains, who adopt 
the docti’ines of the Puranas, anti, among other fanciful theories, 
desciihe the earth as a great le’sol plane.' He says : - As the earth 
is a Large body, and a an an is exceedingly sniall, the whole visible 
portion of the earth consequently appears to a man on its surface to 
he perfectly plane. 

“ That the coixecL dimensions of the circnraference of the earth 
have been stated may bo proved by the simple rule of proportion 
(he gives l 581 « 5 jty. Yojanas as the diameter and 4967 Yojanas as 
the cii'cumference in this mode: Asceitain the diiBPerence in 
Yojanas between two towns in an exact North and Soxitli line, and 
ascertain also the difference of the latitudes of those towns; then 
say if thd difference of latitude gives this distance in Yojanas, what 
will the whole circumference of 360° give ? 

** As it is ascertained by calculation that the city of Ujjayni is 
situated at a distance from the Equator equal to the one-sixteenth 
part of the whole circumference, this distance, therefore, multiplied 
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by 16, will bo the measure of the earth’ vS circiimferciice. What 
reason, then, is there for atiribittljig such (50,000 Yojanaa) an 
iniinenso magnitude to the earth? 

For the position of the moon’s cusps, the conjunctions of the 
planets, eclipses, the times of risings and settings of the planets, 
the lengths of the shadows of the gnomon, etc., are all consistent 
with this (estimate of the extent of the) circumference, and not wuth 
any other; therefore, it is declared that the correctness of the aforo- 
measurement of the earth is proved, both directly and indirectly 
(directly by its agreeing with the phenomena, and indirectly by no 
other estimate agreeing with the phenomena).” 

The Siddhantas did not all agree regarding the numerical dimen- 
sions of the diameter and circumference. 

ON TIIK MF.TIIOI) OF FINDING THE LONGITCDE. 

In the geometry of tlie sphere, the small circle, or parallel of 
latitude, of any place on the earth’s surface, is referred to in Indian 
astronomy as the rectified circumference (the Sphuta), and Eule (60) 
gives the ordinary method iry w’hich it is determined, thus : 

The rectified l Earth’s Circumference i Siu Colatitude of 
circumference / Radius ^ V place. 

The same rule gives a correction to be applied to the mean place 
of a planet, calculated for midnight on meridian of r.»anca, to 
make it serve for a place that may be East or West of that Meridian, 
the ; o-culled middle-line, or Madhya- Kekha. 

This correction is called the Desantara CoiTcction, and its amount 
is found from 

Distance inYojanasfrommid-line ( Planets daily 

Desantara = X } 

• Rectified Circumference ( motion in minutes 

This correction is applied also by some astronomers to the place 
of a planet computed for sunrise. 

Buie (6l) directs the Desantara to be subtracted from the mean 
place of the planet at midnight on the first Meridian, if the given 
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place of the observer be East of the mid-liixe ; but if it be West, it 
is to be added to the computed jdace of the planet. 

liule (02) states that the cities of Ujjayni, Kohitaka, and Kuruk- 
shetra are all on this auid-line of the earth; and the line is also 
assumed to pass through the hypothetical place Lanca, a place 
supposed to bo on the Equator, but which would necessarily be a 
point of the Indian Ocean about 6"^ South of ('oylon, 

(G3, 64, 65) These rules give the method of finding the longitude 
of a given place on the earth, from observations of the beginning or 
ending of the total darkness in a lunar eclipse. 

If in the eclipse, seen at the place of the observer, the total dark- 
ness begins or ends after the instant for which it has been computed 
to begin or end at t/he middle Inie, then the place of the obseiwcr is 
East of the middle lino; but if the beginning or (Uiding Co before 
the computed time, tlie observer’vS place is West of the middle line. 

Next, tbe difference is to be found between the observed time at 
the place and the computed timo^on the middle line. This differ- 
ence is called the Desantara Ghatikas. ^ 

Then the distan,co of the, place of the observer from the middle 
line in Tojanas 


the Desantara Ghatikas 
60 ~ 


X 


the Rectified Circumference 


From this distance in Yojanas the minutes of the Desantara are 
to be found and applied to the places of the sun and moon (by means 
of Rules (60) (61), 

The mean places of the planets, determined by preceding rules, 
are for the midnight of a given clay. Rule (67) suixposes that the 
mean places may be rec|uired for a time in Ghatikas, before after 
midnight, on the day for wliich the places have been computed, and 
then the corrected place would be 

Time in Ghatikas ( Planets daily 

= Computed place at midnight + — X { 

60 ( motion 
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The inclination of the moon’vs path to the Ecliptic was supposed 
to be a deflection caused by the node. And in (68), the greatest 
deflection is stated to be 4° 30'. 


This, however, is under the modern estimate of 5^ 9\ but the 
inclination is variable, the greatest inequality being 8' 47". 

(69-70) In like manner, the orbits of the planets were considered 
to be deflected respectively by their nodes, the inclinations, or mean 


greatest latitudes, being put as under 


The Moon 

270' or 4° 30' 

Mars . . . 

90' or r 30' 

Mercury 

... ... 120' or 2" 

Jupiter 

... ... 60' or 1” 

Venus ... 

120' or 2’ 

Saturn... 

...» ... 120' or 2° 


Inthesubjoine<l fable, tlie mean sidereal periodic times of the planets 
have been computed in menu solar days, by dividing the number of 
Savan days in a l^[aha-Yuga, or 1,577, 917,8, 2’8, by the number of 
•revolutions of each of the cole^ial bodies givmi in Table 1. ; and 
they are compared with the corresponding periodic times taken 
from Jlerschers Astronomy, the latter being arranged in the third 
column of the table. 


Mean sidereal periods com paired with those given in Herschers 


Astronomy : - - 



JFrotn Suri/a SUMhanta 

Mean *Sideroal 
Periods in. mean 
Solar days. 

From nerseheVs Astronomy 

]Mean Sidereal 

Periods in moan 

Solar days. 

The Earth ... 

365-25875 

3G5-2563612 

The Moon 

27-32167 

27-32166148 

The Moon’s Nodes... 

6794-443 

6793-39108 

The Moon’s Apogee 

3231-2 

3232-575343 

Mercury 

87-9697 

87-96925 

Venus 

224-69792 

224-7007869 

Mars 

686-9975 

686-9790458 

Jupiter 

4332-3206 

4332-5848212 

Saturn ... 

10765-773 

10759-2198174 
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For a similar purpose another table has also been computed from 

Table I., showing the synodic periods of the planets, as compared 

with corresponding periods taken from Woodhouse’s Astronomy, 

These have been obtained from tlie form 

^ , Solar days in a G reat Yuga 

Synodic period =: ; — — 

Revolutions of Planet— revolutions of Sun 

Thus, in the case of the moon : — 


The Moon’s Synodic period = 


1,577,917,828 


5,753,336-4,320,000 
= 29*530586 mean solar days 

In the same way the other synodic periods in the table have been 
found. 



Syndic period in 
Mean solar days, 
Surya Siddhanta, 

Woodhouse’s Astronomy, 

The Moon ... 

29*530586 

29*530588 

Mercury 

115*88 

115*877 

Venus 

583*ii 

583*92 

Mars 

779*924 , 

779*936 

Jupiter 

, 398*89 

398*867 

Saturn ... ,.,j 

378*03 i 

378*09 


The method of computing these periods gives thus a close com* 
parison with that employed in our Astronomy, 


ON THE moon’s HORIZONTAL PARALLAX, AND THE DISTANCE OF THE 
MOON FROM THE CENTRE OF THE EARTH. 

In the Surya Siddhanta we have the moon’s hori:^ontal parallax 
given in the form : 

5059 

rr;";:;::. X 3438 minutes of arc which reduced = 53*681' 
uJ»4000 

This as a mean is smaller than it ought to be, for the Horizontal 
Parallax. 

At the greatest =*= 61*533' 

At the least — 62*88' 
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But, taking into consideration that tlie effects of refraction were 
not known in India, nor even in Europe till the time of Tycho and 
Kepler (the latter of whom gave the first treatise on refraction) it 
may be conceded that the Indian horizontal parallax of the moon 
was a fair approximation. 

Supposing, then, that an equally close approximation of the 
diameter of the eartli had been obtained, tlie moon’s distance would 
have been fiurly represented by 51,566 Yojanas, on the supposition 
that the diameter of the earth was 1,610 Yojanas; and this would 
make the circumference of the moon’s orbit 324,000 Yojanas. 

This was the number assuii^ed in all relative calculations. 

As tiie parallax of the sun could not be obtained by direct obser- 
vations, the Indian astronomers Rd recourse to the theory referred 
to under verse (27) Part II, Chap. I., by which they supposed that 
all the planets moved in the respective orbits with the same actual 
linear velocity. By this hypothesis tliey accounted for tlie apparent 
slowness of some of them by yieir having to travel over orbits of 
greater diameter, and tjhe circumferences were supposed to vary 
directly as the periodic limes. 

Taking, then, the circumference of the moon’s orbit, or 324,000 
Yojanas, and its periodic time, 27,176 days, as constants, they com- 
puted the circumferences of the orbits of the sun and planets, etc., 
by simple proportion, from u form equivalent to 

Circumference of ) 324,000 ^ , , 

, } = '7:rT;:vXP, where periodic time of planet, 
orbit m 1 ojanas ) 27*176 ^ ^ 


In this way, the supposed circumferences of the orbits were found 
and given, as under, in Chapter XII. of the 8urya Siddhanta 


Thf Moon’s Orbit 

Sighrocheha (Apogee) of Mercury 
„ „ Venus.., 

Orbits of Sun, Mercury and Venus 
,, Mars 


324,000 Yojanas. 
1,042,000 „ 

2,664,637 „ 

4,331,500 „ 

8,146,909 „ 


• • • 
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Orbits of Moon's Apogee 

38,328,484 Yojanas. 

„ Jupiter 

61,375,764 


„ Saturn 

127,668,255 


„ Fixed Stars 

259,890,012 

Jf 

The circumference of the Erali- \ 

nuiiHUje, the egg of Brahma, f 
in wliich the sun's rays are ( 
spread ) 

18,712,080,864,000,000 




(’HAPTER II. 


ON TIIK MLTilOD EMPL()YKI> BY THE IllVDES FOU MNDING THE TRUK 
FLACK OF A ULANKT FROM ITS MP:AN T*L\CK. 

It was well known to l]ic Hindus tluit a supposi'd uniform motion 
in a circle ul)Out tlio ouitli did not really reprcbeui tlio true motion 
of a planet in its orLit, altlunigli the hyj)othesis served sufiicieiitly 
to determine the mean Jiiotioiis and tli(» mean place of a planet when 
deduced from observations carrietl on for lengllieiied periods* They 
know that every planet in its eoiA^fe 's^as subject to great irregu- 
larities, the motion undergoing continual changes. At one time it 
would bo direct towards the East, until the planet reached a 
stationary point, wIuto it would seem to ])e at rest ; then a retrograde 
motion would begin, and eoutinue for a time, till another stationary 
position was reached, and the Eastward motion would be repealed. 

It was to account for tliese irregulaiities that the Epicycle was 
invented. 

By the Greeks this contrivance was ascribed to Apollonius. He 
conceived that a planet in its course described, wdth uniform motion, 
the circumference of a circle, called the Epicycle, wliose centre 
moved uniformly in the circiimfereiico of another circle, called the 
deferent, the centre of which ^vas the centre of the earth. 

It was also supposed that, whilst the centre of the Epi(‘ycle v as 
moving Eastward in the direction of the signs, the planet itself was 
moving in a direction contrary to that of the signs. By this 
hypothesis it was easy to show the various chaiiges in the motions of 
the planets. Tliis theory was generally adopted by AV'estern 
nations, with the axldition of other Epicycles, introduced by Ptolemy, 
as necessary for expressing the apparent motions with accuracy. 

The Hindus had two metjiods for calcxilating the true place of 
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a i)laiiet from its mean place, as determined by the rules of the 
Surya Siddhaiita. 

One of these methods resembled that of Apollonius, with this 
difference : that, whilst the planet moved uniformly in its Epicycle, 
tv hose centi'e moved in the deferent concentric with the earth, the 
Epicycle itself was conceived to be variable, the circumference being 
greatest when the planet was in an apsis (at Apogee or Perigee, the 
true and mean places being then coincident), and least when the 
planet was at a distance of 90^ from those points. 

rile other method supposes that, while the mean place of a planet 
is a point moving uniformly Eastward, round the circumference of 
a circle whose centre is the earth, the planet also moves uniformly 
Eastward, in the same time, round the circumference of an equal, 
but eccentric, circle, whose centre is situated in the line joining the 
Apogee with the centre of the earth, the distan(‘e from it being the 
eccentricity. 

These tvvo methods of calciil^^.tion, whether by assuming the 
iiiotions as being in an eccentric or in ^n Epicycle, give exactly ihe 
same results ; but it will be observed that, whereas the planet on 
the former hypothesis is conceived to move in the direction of the 
signs, on the latter hypothesis the apparent motion of the planet in 
the Epicycle would be in a contrary direction. 

It is on this seeming inconsistency that Bhascara, in the Siio- 
mani, ma,kes the following sensible remarks: — 

** As the actual motion in both cases is the same, while the 
appearances are thus diametrically opposed, it must be admitted, 
therefore, that the.se expedients are the mere inventions of wise 
astronomers, to ascertain the amount of equation.*' 

It is to the greatest equation of the sun's centre that Eaplace 
refers when, after stating that the epoch of the Kali-Yuga was 
determined by calculation and not by observation, he says: — *‘But 
it must be owmed that some elements of the Indian astronomy seem 
to indicate that they have been determined before this epoch 
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(3102 B.O.), Thus, the equation of the centre of the sun,,ulneh 
they fix at 2*41 73%’ could not have been of that magnitude but at 
the year 4300 before the Christian Era/' 

Preparatory to calculating the “true" places of the planets from 
their mean places, and for geuieral purposes, a table uas constructed 
of the sines and versed sines of the arcs of a circle. 

These functions differ so remarkably from those which were in use 
in the works of Western nations, that they have, as it were, stamped 
upon them the genuine character of original productions. 

We are so accustomed to the use of sines of angles, and sines of 
arcs to radius unity, that we are apt to believe that nothing else 
could be so simple ; and yet a still more simple system was in use 
among the Hindus at times earlii^in their history than that of the 
compilation of the Siirya Siddhanta. 

The peculiarity connected with these sines is this, that tlie radius 
of the circle from which the sines ai*o calculated is really the so- 
called analytical unit, wliich, though suggested for use in modern 
times*, like a strange coin, nevt^, for obvious reasons, obtained much 
currency. • 

As an angular unit it may thus be defined : — 

If, in the circumference of any circle, an arc be taken equal in 
length to the radius of the same circle, the angle measiured by this 
arc, or the degrees, minutes and seconds wdiich it contains, will be 

570 44// 

This angle or arc reduced to minutes = 3437*74G'. 

The nearest whole luunber being 34H8. 

This number (3438) the Indian astronomers used as the radius, 
in calculating their table of sines, and whenever, in the rules given 
as solutions to their problems, in Spherical Trigonometry, they 
make use of the word radius,'' this number is understood. 


^ By Dr. Hutton, Phil. Trans., 1783. 
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The table given is not very extensive, being only for arcs, multi- 
ples of ^ of an arc of 30'^ of 3 ' 45'. 

AVheii sines of other arcs were required, they were found by 
proj)ortional difEercnces to the nearest minute in whole numbers 
(the use of decimals being unknown), and th(‘ approximation would 
correspond to about four places of decimals of our tables. 

Two rules ax'o given in the iSiirya Siddhanta for calculating a 
table of sines, lleginning with an assumed first sine, they proceed 
by progressive equal arcs, coniputing the succeeding sines, in order, 
from tliose previously found. 

These rides are : — 


(15) The eighth part of the number of minutes contained in a 
sign ('he., of 30 or 1800') is tbe first sine. Divide the first sine by 
itself, substract the quotient from that sine, and add the remainder 
to that sine ; the sum will be tbe second sine.'^ 

(IG) “In the same manner, divide successively the sines (found) 
by the first sine ; subtract the (sujp of) the quotients from the divi- 
sor, and add the remainder to the sine last found, and the sum will 
be the next sine. Thus, you will get twenty-four sines (in the 
quadrant of a circle whose radius is 3438).” 

These rules express in words the operations implied in the formula 

sin A-f-sin 2 . . . . sin n A 

sin A 


Sin (/i + 1) A = sin n A-|-sin A 

where sin A is the first sine. 

For making and sin A=225' or ^ 
sill A 


1800' 


ISin 2 A =sin A-j-sin A- 


Sin 3 A=:sin 2 A+sin A- 


225 


sin A 

225+225— ^=449, making 
sin A+sin 2 A 


sin A 


449 1? making 


225 

* . r. A . - A ijiii A+sin 2 A+sin 3 A 

Sin 4 A=sm 3 A+sm A -v- ’- r = 

* sm A 


671+225— 5=890, making ns^A. 
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Sin 5 A=sin 4 A+sin A-g^A + .^ !" ^ 3 A+siu _4_A^ 

jsin A 

890+225- 1 105. 

and so on lor n=:5, 6, etc., throughout. 

This formula may have been derived from the ordinary formula 
Sin (A+E)+sin (A— B)=:2 sin A cos B, 

which, with 


Sin (A-f-B) — sin (A — B)=2 cos A sin B, 
were known to the Hindus, befdji'c the date of the Sironiaiii, for 
Bliaskara says they were called Jaya-Bhavana, and that tiiey wore 
prescribed for ascertaining other sines. 

Or the rule may have been derived from the formula 
Sin (n+-l) A+sin (n — 1) A=r:2ggin n A cos A=sin )i 
from which it may be easily deduced. 

The sines of the Surya Siddhanta, c()nipute<l by the rules rtdoi red 
to, are given in the accompanjing table, and they are compared 
with corresponding sines computed from modern tables. 

The versed sines are ccunpute® hy simply subtracting tlie sines of 
the complementary arcs ffom the radius il438. 


2\ible of nahiral sines and versed sines fronc Surya Siddhanta 


Arc. 

liuUuu Nutuj’al 
Siiio 1 

K=:3438. j 

Katurjil Hint' t’ruin 
'rablcH 
i{— 3438. 

Vci'Kod Silica 
11=3438. 

3* 

45' 

225 

224-85 

7 

7 

30 

449 

1 418-95 

29 

11 

15 

071 ! 

1 C70-72 

GO 

15 

0 

1 890 

889-82 

117 

18 

45 

1105 

1105-01 

182 

22 

30 

1315 

1315-05 

261 

26 

15 

1520 

1520-68 

254 

30 

0 

1719 

1719-00 

400 

33 

45 

1910 

1910-05 

579 

37 

30 

2093 

2092-09 

710 

41 

15 

2207 

2266 -08 

853 

45 

0 

2131 

2431-01 

1007 

48 

45 I 

2585 ; 

2531-08 

H7i 

" 52 

30 

2723 

2727-55 

1345 

56 

15 1 

2859 i 

2853-55 

1528 

60 

0 i 

2973 ] 

2977-04 

1719 

63 

45 ! 

3084 I 

3033-45 

1918 

67 

30 

3177 

3176-00 

2123 

7i 

15 

3256 

3255-75 

2333 

75 

0 

3321 

3320-85 

2548 

, 78 

45 

3372 

3371-95 

2767 

82 

30 

3409 i 

3408-75 1 

2989 

86 

16 

3431 

3430-85 

3213 

90 

0 

3438 

3438*00 1 

8438 
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The simple relations between the sine, cosine, and versed sine, 
served all the purposes of the trigonometry of the Hindu mathe- 
maticians, and thsiugh by name, as a function, distinct from signs, 
the tangent did not enter into their calculations ; yet the ratio of 

the sign of an arc to the sine of its complemeni , or 

equivalent of tangent A, was of constant occurrence in their com- 
putations, For example, in the relation between the Gnomon and 

Gnomon Sin altitude , ,, 

its shadow, the ratio, 3 — ^^^tan alt. 

* Shadow Sin (90-alt.) 

The Hindu astroncmers appear to have been familiar with most 

of the elementary trigonometrical relations, such as 



Cos sin^ A, versed A=:R— cos A, sin 30"^=— 

Sin 45 '’=^t, 8 in \ sin 36'’=\/~ 


all of which are expressed in w(»rds, as also the more general relations 
between the sine and versed sine of an arc and the sine of half the 
arc, snob as 


Sine sr^Vsin* A + versed ^sine A, and sin — H versed sine A 


and hence as observed by Bhaskara, 

** From the sine of any arc thus found, the sine of half tlie arc 
may be found (and so on with the half of this last). In like manner 
from the complement of any arc may be ascertained the sine of 
half the complement (and from that, again, the sine of half the 
last arc). 

“ Thus (Bhaskara says) the former astronomers prescribed a mode 
for determining tlie other sines (from a given one), but I now 
proceed to give a mode different from that stated by them.” 

And he gives, in words, ru]e*s which are equivalent to the well- 
known forms: 

Sin (45 + A) = and sin A) = 

,/B*--]fe Bin A 

in which A is any arc of a circle. V 2 
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And, again, when A and B are two arcs : 

tSin — r=-^-|(sin A—siii B)*-f'(cos A— cos B)^|^ 

will now give (he says) rules for constructing sines without 
lia-ving recourse to the extraction of roots.” And the first of these 
is equivalent to 


ttin (2 A— 90") = 


-2 sin 

”K • 


‘'In this w’ay several sines may be found/* But this method, 
called l^ratibhagajyaka-Vidhi, is limited. He then proceeds to 
give rules for finding the sine of every degree from 1° to 90^. 

The rule for finding tlie sines of 30', and of 18% as given in 
Bhasknra*s own words, are: - - 

“ Deduct the square root of five times the fourth power of radius 
from five times the square of the radius, and divide the lemainder 
by eight ; tlie square rout of the quotient will be the sine of 36'". 

“Deduct the radius fimn the square root of tlie product of the 
square of radius and five, find divide the remainder by four ; the 
quotient thus found W'iil give the exact sim^ of 18 '.” 

The first application in the Siddlianta show'ing the use of the 
sines is given in the form of a problem, tlius : 

Having given the longitude of a planet, to find its mean 
declination. 


The mean declination of a jdanet is the same as that of the 
when both have the same longitude, and the greatest mean declinu- 
tioii is the same as the sun*s greatest declination. 

The rule given for the solution of the problem is : — llultiply the 
sine of the longitude by 1397, the sine of the (mean) greatest de- 
cliuirtion, and divide the product by the radius, 3438 ; find the arc 
whose sine is equal to the quotient; this arc is the planet’s (mean) 
declination. 

The rule given is evidently the same as that for finding the de- 
clination of the sun, when the longitude is given. 
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Thus, ill the right-angled spherical triangle S r N, in which S is 



N 


the place of the siui, 9' the ecpiinoctial point, SrN the obliquity, 
and 8 N the sun’s declination, we have 
r sin 8 N = sin 8 r N .Sin r 8. 

But the sine 8 r N = sin sun’s greatest declination = 1397. 

3,438 sin sun’s declination ~ 1397 sin longitude. 

Here it may be observed that 1,397 is also given in other places 
of the Siirya Siddlianta as the sine of the sun’s greatest declination. 

It is said to ])e the sine of 2^3, but by an accurate computation 
1397 ivS the sine of the are 23^ 58’ 31". 

ON THE HULKS FOll FINDING THE TRUE PLACE OF A PLANET. 

The mean place of a planet, and that of its apogee, having been 
computed by the rules of the first chapter, the difference between 
them (called the Kendra, or meai> anomaly) is taken, and the sine 
of it is found from the tables ; these are used for constructing the 
various epicycles. 

To explain the method of ‘construction, let it be supposed that 
the circle of A B C I) represents the deferent of a planet, in the 


U 



c 
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plane of the orbit, the radius being 3438, the centre E representing 
the centre of the earth, and the line A K 0 the lino of A])sides. 

Also let the small circle at A cutting the line of Apsides in H 
represent the epicycle of a planet, the point H of the circumference 
being at the great est distance from E will be the apogee or higher 
apsis. 

If we now conceive tliat whilst the centre of tlio epicycle (starting 
from A and supposed to ho moving in the oiremnferenoo o£ the 
deferent in the direction ABC 1), i.c., in the order of the signs of 
the Zodiac) completes one revolution in the deferent; the i)lanet 
stalling from H and moving in the epicycle also completes one 
revolution in the same time, in a contrary diredion to that of the 
signs. 

Then, it is assumed as a first approxiiiiaiion, that the direction in 
which the planet would appear to be seen at any time, when viewed 
from E, would be the direction of its true place. 

The conception Inn’e formed is that of the ordinary epicycle, of 
an invariable magnitude, iixit ?lie Indian epicycle lias its circum- 
ference continually varying, being greatest when the centre is at 
A or 0, and least when the centre is at B or D. 

For the formation of the fii‘st epicycles of the sun and moon the 
following rule is given ; — 

(34) “ There are fourteen degrees (of the concentric) in the peri- 
phery of the Manda, or first epicycle, of the sun, and thirty-two 
degrees (in the periphery of the first epicycle) of the moon, when 
these epicycles are described at the end of an even quadrant (of the 
concentric or on the line of the Apsides). But when they are 
described at the end of an odd quadrant (of the concentric or on the 
diameter of the concentric perpendicular to the line of Apsides), the 
degrees in both are diminished by twenty minutes.’^ 

The meaning of this rule is that the length of the circumference 
of an epicycle at A or C if stretched .along A B C of the deferent 
would extend over an arc of 14° or 840^ for the epicycle of the sun, 
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and for the moon the length would extend over 32° or 1,920'. But 
at the points B and D the lengths would be 820' and 1,900' 
respectively. 

For an intermediate fpoint M, the Kendra (or mean anomaly) of 
wJiich was //, the peripheries of the epicycle of the sun would be 

840' — 20x4"!^ a , nnd that of tlie moon 1 .920' — 20X * 


In genej al, sup])osing and 0^^ to be the cireumferenees of the 

epicytde, for any of the planets at the points A and B, respectively, 
then, for any inleriiiediate point, M, with anomaly k the circum- 
ference of the epicycle would be 




n , 

M 


Buch a circuinf(?rence is called the (kSpluiia or) rectified periphery. 

After the metliod of constructing the rcctifi(Hl periphery of a 
planet’s e])icyclc has been described, the following rule is given, for 

calculnting the first equation of fhe planet, when the Kendra, or 

# 

mean anomalv, is known: — 

(39) Alultiply the sines of the Bluija and Koti (of the first and 
second Kendra of a planet) by the rectified periphery (of the first 
and second epicycle of the planet) ; divide the products by tlie de- 
grees in a cirele (or 360'’) (the quotients are called the first and 
second lIhuja-Phala and Koti-Phala, respectively). Find the arc 
whose sine is equal to the first Bliuja-Phala ; the number of minutes 
contained in this arc is the Manda-Phala (or the first equation of 
the planet).” 

To give an interpretation of this rule and the tenna employed in 
it. it will be necessary to have recourse to a figure. 

Let H, the intersection of the epicycle, with the line of A’jfjsides 
E A, be the higher Apsis or Apogee. Then a planet is supposed 
to start from H, in the epicycle, with a uniform motion, and to 
describe the circumference of tho epicycle, in the same time as its 
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H 



centre, starting from A, and moving iniiformly in the concentric, 
completes its revolntion in that c%cle. 

When the centre has nicyed over an arc A M of the concentric, 
in the direction of the signs of the Zodiac, the planet P will have 
moved over an arc H P of the epicycle, such that, A M and H P 
will be similar arcs ; therefore, the angle 1^1 E A will be equal to 
the angle HM P, so that P M will always be parallel to A E. 

If, now, P E be joined, cutting the concentric in the point Y, 
then the direction in which the planet woxild be seen, when viewed 
from E, the cent4*e of the earth, would be that of the line E V, and 
the apparent place of tlie planet in the concentric would be V. Con- 
sequently, V is called the true place, and M V, the distance between 
the mean and the true places, is the arc required in finding the true 
place, and the object of the several rules for finding the equations 
of the centre. 

As a first approximation, the passage quoted from the Surya 
Siddhanta (Rule 39) takes P n the perpendicular from P upon the 
line E M, as the sine of the Manda-Phala or first equation ; this 
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line ia greater than tlie sine of M V, when the anomaly is less than 
90"", and it is less than sin M V, when the anomaly is between 90® 
and 270®. 



In the similar triangles P n M and M N E, 

P^t MJS" PM 

P M ~ M E ’ ^ “ M E ‘ 


MN, 


but the circumferences are as the radii, 


P M __ circumference of epicycle at M 
M circumference of concentric ’ 

and ]\I N is the sine of the arc ]M A == sin k. 


/. P 71 = 


c 


M 


21,1)00' 


. sin k. 


Also from the same similar triangles, 
Mn N E 


M P M E ’ 


or M ; 


MP 
M e" 


NE, 


in which N E is the cosine of the arc A M. 


•. M n 


a. 


21,600' 


X* cos k. 
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If now, in the figure, we call M N the Bhuja, and P n the Bhnja- 
Phala, also N E the Koti, and M n the Koti-Phala, an<l we express 
C 

the ratio in degrees instead of minutes, we shall have in 

21 ,ouO 

the words of the rule, 

Bhnja-PUl. = “J2! x .„,1 

Koti-rh.l» = ve<-tifie.l ^ 

oOO 

And the arc of which Blmja-Phala ia the siue is the Mauda-Phala, 
or first equation of the centre. 

This last would be correct, if P E had been the red ins. It is 
partly the object of Hides 40, 41, 4:^o make this correction. 


FOn THE GllEATEST EQUATIONS OF THE SUN AND MOON. 


If we substitute for C in the equation P l\ 

^ ^ 21,000 ’ 

the rectified peripheries of t|ie sun and moon, resjic'ctively, we have 

for the sun, 


840-20 X 


the sine first equation of the sun 


sin k 

" -Xsin k. 


21,000 

This will have its greatest value when k = 90 and sin k = 3438, 

820 

, Sin greatest first equation of the sun — X 3438=:sin2'’ 10' 32'^ 

£ 1 jv)U\i 


Or the greatest equation of the centre=:2^ 10' 32". 

At the beginning of the present century, according to Laplace, 
the greatest equation of the sun’s centre was V 55' 27*7", and this 
diminished at the rate of 16*9" in a century ; the difference between 
these two values of the greatest equation 904-3", which, 
divided by 16*9", gives 5,351 years as having elapsed up to the 
beginning of A.D. 1800, since the greatest equation of the centre 
had the value given to it in the Siirya Siddhanta. 
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When the moon’s vectitied periphery is substituted 

l,C20-20-f^ 

the sine of the moon’s first equation = oT^TvT^ ^ 

which, when h = 90"^ and /. sin k =r 3,438, becomes the sine 
of the moon’s greatest etjuation X 3.438 = sin 6" 2' 47", 

or the moon’s greatest equation = 6'* 2’ 47". 

At the beginning of this century, according to Laplace, the 
moon’s greatest equation was 6"^ 17' 54*5". But he adds: ‘‘The 
constant effect of the evection is to diminish the equation of the 
centre in the syzigies, and to augment it in the quadratures ; at 
its maximum it amounts to V 18’ 2*4".’’ 

Thus, sinco the Hindus were not acquainted with the evection, as 
a term distinct from the equation of the centre, the value Avhich 
they giA’Ci to the moon’s equation vrm not inconsistent with that 
given by Laplace. 

The rules already refeiTcd as giving a more correct value of 
the equation, are put in the following order : — 

(40) ** To find the second equation of the minor planets — Mars, 
etc. Find the second Koti-FIiala (from a planet’s second Kendra). 
Jt is to be added to tlu^ radius, when the Kendra is less tliau three 
signs or greater than nine signs ; but wdieii the Kendra is greater 
than three signs and less than nine, then the second Koti-Phala is 
to be subtracted from the radius. 

(41) “ Add the square of the result (just found) to that of the sine 
of tlie second Bhuja-Phala; the s(piare of the sum is the Sighra- 
Karna, or second hypothenuse. 

'^Find the second Bhuja-Phala of the planet (as mentioned in 
Sloka 39) ; multiply it by the radius, and divide the produce by the 
second hypotenuse (found above). 

(42) ‘‘Find the arc whose sine is equal to the quotient (just 
found) ; the number of minutes contained in the arc is called the 
Sighra^Phala (or second equation of the planet).’* 
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These rules may be explained in the following manner : — 

The figure being the same as that given before, in the first 
rule (39) we have, as in that case 

C 

P n =: — ^ • Sin k = Hhuja-Phala. 

21900 

H 



In w’hich k may be the first or second Kendra, and according to 
the position of M, sin k mfiy make M n vary in sign. 

E n may be taken = E ± M ??, but in the right-angled 
triangle P n E, P E^ = P 

Sighra-Karna r= P E = V j P ^(E M + M n)^ j 



C sin k 

M. 

21600“ 


^ 4 -^ 3438 ^ 


Cm ‘=0® ^y-) 
21600 / •> 


Ag' 


) 


in the similar riglit -angled triangles P « K and V o E 


Vo 

Pn 


VE 

PE’ 


or V o = 


VE-Pw 


i'in 0 V = 


0„ sin k 

3438X--^- 

21600 


V I 1 ■+ (3 ' 

^ '\ 21600 / 216)0/ J 
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If we express this formula in words wii h Indian names, we have 
the rule (40-42) 

Sin Sighra-Pbak = . 

Kama 

Where Kama = V | (Ra(lius+Koti-Pji[ala)-'+I^^^''0‘^~J^^^^^*^* !• 

There is no difficulty in forming lahles from either of the two 
rules contained in (39-42), when the Kendra of or mean anomaly, 
is taken for each of the 24 sines, that are given in t he talde of sines, 
or even for every degree of a quadrant. For tlie sun and the moon, 
which have each only one system of epicych\s, one set of tables is 
deemed sufficient for each of these bodies, to determine their true 
places. 

But this is not] the case the planets, whicli have each two 
distinct systems of epicycles, given in the following form : — 

(35) “There are 75, 30, 33, 12 and 49 degrees of the concert ric 
in the peripheries of the first epicycles of Mars, ]Mereury, Jupiter, 
Venus and Saturn, respectively, at the end of an even quadrant of the 
concentric, but at (lie end of an odd< quadrant there are 72, 28, 32, 
11, 48 degrees of the concentric. ' 

(3G) “ There are 235, 133, 70, 262 and 39 degrees of the concentric 
in the peripheries of the Sighra, or second epicycles, of Mars, etc., at 
tlie end of an even (piadrant (of the concentric), 

(37) “At the end of an odd quadrant (of the concentric) there 
are 232, 132, 72, 260, 40 degrees of the concentric in the peripheries 
of the second epicycles of Mars, etc.” 

The rectified peripheries of the planets are formed exactly in the 
same way as that of the sun. 

Taking Mars as an example, its first epicycle, or Manda, would 
be, for a point M, whose Kendra was A, using the same notation 
as before, 


3438 ^ 


which, expressed in minutes, 


I®- 
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And for the second epicycle, or Sighra, the rectified periphery 
would be for a Kendra k, 

C = 14100-180- 
M 3438 

If, now, those values bo put successively in the rules (39-42) for 
the rectified i)eriphery, lliey will afibrd the means of calculating two 
tables for Mars ; the one being a table for the first equation of the 
centre, or Manda-PhnJa, and the other table will give the Siglirf^- 
Phala, corresponding to the Indian estimate of the annual pariillax 
of the planet. 

When these tables have been formed there is still one more rule 
by which they are to be applied, so ^ to find the true place of a 
planet. It is the following ; — 

(44) '‘Find the efpiation (from the mean place of a planet) 
apply the half of it to the mean place, and (to the result) apply the 
half of t/lie first- equation (found from that result), from the amount 
find the first equal ion again, rjid i?|>ply the whole of it to the mean 
place of tlie planet, and (tJ that rectified mean place) ajiply the 
whole of the second equation found from the rectified mean place ; 
thus you will find the true place of the planet.” 

This metliod of approximating to the true place of a planet, by 
successive steps, would appear to resemble our method of approxi- 
mating to the length of a small curve, by supposing it to lie between 
the lengths of its chord and tangent. 

When the me^in place is in advance of the true place the equation 
is to be subtracted, but when the true place is in advance of the 
mean place the equation is to be added, and at the higher and 
lower apsides the two places will be coincident. 

The rule for the first equation in the fcSurya Siddhanta would 
appear to have fomed the subject of a discussion among the 
astronomers, with reference to the reason why the Kama, or 
hypotenuse, should have been omitted. 
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Bhaskam says ; “ Some say that the hypotenuse is not used in 
the first process, because the difference is inconsiderable, but others 
maintain that since in this process the periphery of the first circle, 
being multiplied by the hypotenuse and divided by the radius 
becomes true, and that, if the hypotenuse then be used, the result 
is the same as it was before, therefore the hypotenuse is not 
employed. No objection ii made why this is not the case in the 
second process, because the proofs of finding the equation are 
•different here.*’ 

He gives only a very brief account of the method of the Epicycle, 
and he seems to make the circle invariable in magnitude, which 
would be consistent with the method of the eccentric, to which he 
apx)ears to have given the prr^erence. 

ON THE METHOD OF THE ECCENTRIC. 

Let A B C D and H P L be two circles having their radii each 

equal to 3438', the number of minutes in the radius of the table of 

</ 

[f 



sines, and their centres E and 0 at a distance from each other equal 
to the number of minutes in tjje greatest equation of the centre of a 
planet’s orbit. 
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If E represent the centre of the earth, then the circle A li 0 D 
is called the concentric and H P L whose centre is 0 is called the 



eccentric. The line joining 0 E produced, is the line of apsides. 
The point H, where it niee^s the eccentric is the higher apsis, and 
L the lower. 

Lei it now bo conceived tlmt the planet, moving in the eccentric 
describes the arc H P, iu ilie same tiim^ that an imagiuai'y planet 
moving in the concentric with the same mean motion, describes the 
arc A M, then the arcs A M and II P being equal, the radii, M E 
and P 0 are parallel, and the lines lil P and E 0 joining equal and 
parallel lines are themselves equal and i)arallel, therefore P JVI tiie 
line joining the true and imaginary planet is always equal and 
I arallel to the eccentricity E 0. 

Now the line E P which joins the centre of the earth with the 
planet, is the direction in which the planet will be seen from E, 
and V the point in which it meets the concentric is called the true 
place of the planet: the distance M V between the mean and true 

places is the equation of the centre, 
a 



226 


Hindis Astronomy. 


The arc M A is the Kendra or mean anomaly = and M N drawn 
from M perpendicular to H E=sin M A sin N E is the cosine of 
M A = cos k, 

\\ p G- 

In the similar triangles MP 7iand P K Gr, = p-^ or 

M M P • P G 6sin /»; i . . .. 

n = = y e being the eccentricity 

Also P E = V~P ’G^'+ E G 2 = V jsin^ Jc + (cos/c ±0^1 

.1. . Z' . 1 . n/r ^ k 

/. bm equation ot the centre = M n =: : ^r~T ’ 

^ V jsm^ k + (cos k + « 

The terms used in f lie rules to designate the same lines, are not 

always the same, thus in the formula for the equation of the centTe 

just given ; Sin k is the line JM N or its equal P G of the figure. It 

is sometimes called ‘Ghe siiu^of the Bhuja of the Kendra,” at 

ot her limes it is called ^Ghe Bhuja of the Kendra,” and again more 

briefly the Bhuja.” Cos k wliich is the line N E or its ecjual G 0 

is sometimes called ^Ghe Koti”at other times ‘Ghe sine of the 

Koti,” and more at length the sine of tiie Bhuja of the complement 

of the Kendra.” Again, cos k + ^ is 'the line E G, or E N -f* N G, 

r 

it is called the Spbiiia Koti, the line P E is the Kama or hypotenuse, 
and we have Karna^ = Bhuja^ Sphuta Koti^, 

The term sine Bhuja which is applied here so frequently, belongs, 
properly, to an arc of the concentric, or deferent. This term will be 
easily understood as being the numerical valuer of such quantities as 
sin (JJO + A), sin (180 4; A), etc., the Bhuja being the equivalent 
arc for the table of sines. 

The sines and cosines designated with such names, are lines in the 
circle whose radius is 3438. When similar sines and cosines are taken 
in tlie circle whose radius is which is that of the Epicycle, variable 
or invariable, i lie sine becomes Bhuja Phala and the cosine is Koti 
Phala. 

That the two methods of calculating the equation of the centre^ 
whether by the epicycle or the eccentric, lead to the same result, is 
thus indicated by Bhaskora, 
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If the diagrams (of the eccentric and epicycle) be drawn unitedly, 
and the place of the planet be marked off, in the manner ])eiore 
explained, then the planet will necessarily be in the point of inter- 
section of the eccentric by the epicycle.” 

If we draw first the figure for the eccentric and concentric, using 
the same letters for the several lines as before, then the planet 
moving in the eccentric, and starling from JI tlie higher apsis, is 
supposed to have described the arc H P in the direction of the signs, 
and the line P M drawn parallel to H E, will meet the concentric in 
the point M, the place of the imaginary mean planet supposed to be 
moving in that circle, and P M has been shewn to be equal to E 0^ 
the eccentricity. 

If now at M, as a centre, wiih a radius equal to the eccentricity, 
a circle be described, this circle will be the e])icycle, in which a 
planet moves through the arc H P from the higher apsis If, in the 
same time that its centre will have described the arc A M of the 
concentric, and the radius being equal to tlie eccentricity it is ecpial 
to II P, or the epicycle and the egceutric intersect in the same point, 
and all the other lines and afigles of tlie figures, according to one 
method are identical with tliose of the other method. 

It is also obvious that in the eccentric the planet will move on tlie 
arc H P of the eccentric, in the direction of the signs of the Zodiac ; 
but in the epicycle, the arc H P of that, circle is in a direction 
opposite to the signs. 


Eccentricities of the orbits of some of the planets given in the 
Sidhantas as compared with corresponding values of the eccentricities^ 
in modern tables, are as under: — 



Eccentricity in parts of 
radius of deferent. 

Eccentricity in terms 
of the semi-axis. — 
KerscheVs jistrouomy* 

• The Earth 

•01944 and -019 

•010783 

The Moon 

. . • 


Mercury... 

* . « 

•20.55149 

Venus 

... 

•00680 

Mars 

•10416 and *1 

■0933 

Jupiter 

*04583 and *0444 

•04816 

Saturn ... 

.068 and *0666 

•05615 
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Kule (45), lias reference to the application of the 1st and 2nd 
equations — whether they are additive or subtractive, and (46) relates 
to a correction to the places named Bliujantara, 

Rules from (47) to (51), give methods of finding the ,true diurnal 
motions of the Sun, Moon and Planets. 

Rule (52), explains the Indian theory of the retrogression of the 
planets, supposed to be caused by loose reins of attraction. 

Rules (53) to (55), detail the conditions on which the motion of 
the planets Mars, Mercury, Jupiter, Venus, and Saturn begin to be 
I'etrograde, as occurring wlieii their Kendras or Anomalies are 
respectively 164^ 144^ 130% 163® and 115®, and that the retrograde 
motion ceases at 196% 216% 230% 107® and 245®. 

Rules (56) and (57), give an Indian method of calculating the 
latitude of a planet, by a species of proportion, supposing the 
difference between the rectifieii places of the planet, and its node 
and the greatest latitude of the planet to be all known. 

Rule (58), makes a distinction in computing the declination of the 
Sun, and that of a planet, the former b^ing the true declination of 
the place of the Sun in the ecliptic, and the latter, called the mean 
declination of the planet, is comi>utcd from the planet’s place, referred 
to the ecliptic, increased or diminished by its laiiixide north or south. 

Rule (59), derives the length of a planet’s day and night, by 
proportion, from its diurnal motion, reduced to an arc of right 
ascension in time. 

Rule (60), makes the radius of the diurnal circle of a 
planet = 3438 — versed sine declination. 

Rule (61), determines the ascensional difference of a planet, by a 
somewhat operose method, by means of the radius of the planet’s 
diurnal circle, its declination, and the equinoctial shadow (described 
in the third chapter). 

Rule (62) —(63), give again a loose method of finding the lengths 
of a planet’s day and night, by a reference to the ascensional 
difference found by the preceding rule. 
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From Rule (64) is found tlio Nacshatra in which a planet is at a 
given time, together with the computation of the days and parts of 
a day from its entrance into that Nacshatra. 

Rule (65), to find the Yoga (an astrological period in which the 
sum of the places of the Sun and Moon, increases by i;Y"20') at a 
given time, together with the number of elapsed Yogas (counting 
from the one named Vishkarubha). 

Rule (66), gives a method of finding the lunar day at a given 
time. 

The remainder of the chapter from (67) to (69) relates to certain 
portions of time, called the 4 invariable and the 7 variable Karanas 
which are said to answer successively to the half of a lunar day. 



CHAPTER III. 


RULES:! FOK RESOLVING QUESTIONS OF TIME, ETC. 

The Hindu astronomer has various simple moans of observation, 
more or less effect ive in regard to accuracy. His observatory, if we 
might give it so dignified a name, was homely, but adapted for 
furnishing him with (lie data on which his calculations were made. 

It consisted principally of a levelled horizontal plane, a floor or 
terrace of cliunam, which is a lime made from shells, and which, wdien 
dry, is hard and capable of recei^^ng a polish equal to that of marble* 
At a point of the floor as a centre, a circle is described, and a fine 
vertical I'od of given length is erected at this point, as a stile or 
Gnomon, and by means of the length and direction of its shadow cast 
on the plane l)y the Sun, a variety of astronomical problems are 
solved. ^ 

Such problems a])pear in Chapter IIjl. of the Surya Hiddhanta 
treating of questions relating to time, position of the heavenly bodies 
and their directions. 

Rules (1-4) give the method of drawing a meridian line, and the 
east and west line on a horizontal plane. 

On the surface of the stones or chunam floor, levelled wdth water, a 
circle is described, and at the centre a vertical Gnomon is placed 
whose length is (12) digits: in the morning and afternoon, the two 
points, where the sliadows of the Gnomon meet the circumference, 
are marked, from these two points as centres, intersecting arcs are 
described; the point of intersection is called the Timi (the fish, named 
from its form). A line is then drawn from the Timi through the 
centre of the circle, this is called the north and south line^ or 
meridian line, and the line through the centre at right angles to 
the N S line is the east and west line. 
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Our works on dialling and astronomy give the same method of 
drawing a meridian line on a horizontal plane. 

Kule (5) directs a circle to he described on the horizontal ])lnne, 
with a radius equal to the shadow of the Gnomon, and a s(jnare to 
bo described about the circle, the sides touching it at the four 
cardinal points. 

If the figure represent the circle, with the circumscribed square, 
and 0 H the shadow of the Gnomon, a per]>endicular \l B is then 
drawn to the E W line, in this case before noon, and the sun liaving 


TT 



a north declination. Then 11 B is called the Bhuja (or sine) of the 
shadow and H K, or its equal B O, is called the Koli. 

According to the position of the end of the shadow, the Bhuja is 
distinguished as being north or south, and the Koli as being east or 
west. 

The direction of the sun being in the vertical plane of the Gnomon 
and its shadow, the shadow produced backwards, will be the line of 
intersection of this vertical plane with the plane of the liorizon, and 
the angle E 0 M, or its measure the arc E M, will be the amplitude 
of the sun at the given time, and M N will be the measure of its 
azimuth. 
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Exile (f>) merely states that, the three circles of the sphere, the 
prime verueal,the equinoctial, and the six o’clock circle pass through 
the cast and west points of the. horizon. 

(7) This rule directs, that in the circle before described a line is 
to be drawn parallel to the E W line, at a distance from it equal to 
tlio lengih of the equinoctial shadow; it is then stated, that the 
distance between the end of the given shadow and the latter line, is 
equal to the sine of ampUiude (reduced to the hypotenuse of the 
given shadow). 

In ihi>s rule two important points need explanation, first, with 
regard to the equinoctial shadow, and tlie line drawn at a distance 
equal io its length on the plane, parallel to the east and west line. 

Tlie definition of tlie equino<#t*hal shadow is given afterwards in 
ride (12), as the shadow cast upon t he meridian line of a given place 
at noon, when Uie snn is in an eijuinox. 

It is called the Palnbha, and it is a primary constant, in problems 
which involve the latitude of tlie ylace; for a ray of light from the 
equinoctial Sun at noon makes, with a vertical line of any place, an 
angle equal to the latitude. Hence we have — 

Tiie length of the equinoctial sliadow = Gnomon X tan latitude, 

Eut since the Hindus made use only of sines and cosines, 

fpi -nil! latitude 

The Falabha = (rnomon x . 

cos latitude 

The properties of the line drawn parallel to the E W line in rule (?), 
may be thus explained. 

Let N P Z S represent the meridian of any place, N E S W the 
horizon, Q W a portion of the celestial equator, and Z the zenith 
of tlie place. 

Conceive a plane e qw parallel to the plane of the equator to pass 
through the end G of a vertical Gnomon 0 G, and to meet the 
horizon, the intersection of the two planes will be a straight 
line e Aw. Suppose now when the sun is in either equinox, all 
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rays from it, in its daily course passing through the point G, will lie 
in the surface of the plane e (j tc, and if G a be any one such ray it 
will meet the horizontal plane in the line of intersection of the two 
planes e A w, and for this position of the sun 0 a will be the shadow 
cast by 0 G, and, throughout the Say of tlie equinox, the ends of all 
the shadows Avill bo points t)f the line e A w, but 0 A, the shadow 
wlien the equinoctial sun is in the meridian is the one which obtains 
the name of the equinoctial shadow. 

Secondly. The otln^r point of mile (7) needing explanation, is the 
proposition that the distance between the end of a given shadow 
and the line of the equinoctial shadows, is equal to the sine of the 
amplitude (reduced to the hypotenuse of the given shadow). 

In the following figure let the circle as before described on the hori- 
zontal plane be N E S W, and M 0 H K the intersection on the horizon 
of a vertical circle thi ough the sun at any time, H O the shadow of the 
Gnomon, and e w the line drawn parallel to the E W line, at a 
distance equal to 0 A, the equinoctial shadow ; then, if from H the 
end of the given shadow, the line H L T be drawn perpendicular to 
the line e the proposition states that H T is equal to the sine of 
he amplitude reduced to the hypotenuse. Rule (7) only enunciates 
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this singular property, the proof is given afterwards by successive 
steps in rules (21-24). 

Rule (8) deduces the hypotenuse of ihe right-angled triangle, of 
which the Gnomon of 12 digits and the shadow form tlie sides. 

The shadow being given, the hypotenuse = \/(144d~S'^). 

Rule (9) has been referred to before As stating that the circle of 
Asterisms librates GOO times in a Great Yuga. The libration 
being performed tliroiigh 27“^ from a mean point, in a retrograde 
direction ; then returning to the mean point, i)roceeding through 54^ 
with a direct motion, thence returning to the mean point with a 
retrograde motion : thus making 108^ for a complete libration. 

This hypothesis gives the mean annual precession of the equinoxes 
= 54", a quantity which is adopted by most of the other Siddhantas. 

The rule further directs the calculation to be carried backwards 
proportionally, the quantity of it to be computed by means of the days 
in a Kalpa or a Yuga, and the days which liave elapsed from the af^sumed 
epoch. 

Rule (10). The amount of the precession is to be applied to the 
place of a planet and from the result the declination, the shadow of 
the Gnomon, the ascensional difference, etc., are to be computed. 
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Buie (11) has reference to the computed true place of the sun, 
found in the second chapter, as compared with the place found by 
observation, 

Buie (12) has been before referred to (Rule 7) as giving the 
definition of the equinoctial shadow, called the Palabha. 

In rule (13) the converse problems are proposed ; to find from the 
equinoctial shadow, the latitude and the co-latitude. 

The hypotenuse of the equinoctial shadow being known, then 

Cos I = and sin I = x Palabha. 

a h 


Where E = 3438, the number of minutes in the arc of a circle wliose 
length is equal to the radius of the circle, as mentioned before (p. 209), 
it is the length of an arc of 57 IS^ind is used in modern analysis, 
and styled the analytical unit. 

The reverse operation gives 


, . , Palabha 

I =: sin— 1 ^ X E 




, 12 E^ , 12 -E 

_cos^ 

The Indian trigonometrical functions are circular functions, radius 
being 3438. 

Rules (14) and (15). Suppose the shadow at noon to be given at 
any other time than at the equinox and the sun’s declination to be 
known; to find the latitude it is obvious that the vertical angle of 
the right-angled triangle of which the (Inomon and its shadow are 
the sides, is always the angular zenith distance of (he direction of 

E * S 

the hypotenuse, and sin 0 n: — - , where S is any shadow and II 
the hypotenuse. 

m, . . E S 

Then, 0 = sm— • 


The rule, moreover, states, that the sura, or difference of the sun's 
ssenith distance at noon, and the declination is the latitude of the 
place, oT^ I zs z±d. 
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Rale (16) deduces the equinoctial sliadow, or Palabha, from a 
given latitude, and the 

Palablia = 


12 sin I 

V 


-sin^ I 

By rules (17-18) the sun’s declination and his longitude are to be 
found, when his meridian zenith distance and the latitude of the 
place are given. 

From (15) d’=. z- I or I — z* 

liCt S be the place of the sun on the ecliptic '»■ 1 dCb at any time, 
and the arcs S, S Band B '»'of the right angled spherical triangle S B 



bo the sun’s longitude, declination and right ascension respectively. 
Then in this triangle we have R sin S B = sin t S • sin S B. 

Sin longitude = 

Sin obliquity 

But the ancient Hindu Astronomers made the obliquity 24®, the 

sine of which from their table is 1,397 to radius 3,438 minutes, 

3438 

Therefore, sin sun’s longitude = - X sin sun's declination or 

lot/V 

( 3438 \ 

1397 ^ i^A fi^^st quadrant 

of his orbit 

= 1 80® 4^ sin-" ' X sin d ^in the second and 

" third quadrants, and 

= 360® — sin — ^ X sin ci ^ in the fourth 

quadrant 
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Rule (19) corrects the sun’s longitude to his place, as referred to 
the 1st point of Mesha or Aswini, by substractirig the elapsed 
precession, from about d70 A,i)., when the equinox was at the 
beginning of that sign or Nacshatra, calculated at a mean annual 
rate of 54." 

The corrected place thus found is called the true place of the sun, 
from which by a process inverse to that described in the second 
chapter, the mean place is to be found. This is accomplished by a 
series of steps, first finding an a))proximate mean place by subtracting 
or adding the 1st equation, as in the table of e(piations from or to 
the true place. A nearer approximation is then found, by adding 
or subtracting the equation to or from the approximate mean place 
found before, and so on repeatedly trrl the exact mean place is found. 
Rule (IJO). Suj)poses the latitude of a place and the sun’s declination 
to be given, to find the y.enith distance at noon, thus 


Z zzz I cl 

From which Sin i = sin (I + (/jand 


Cosfjss? = \/ — sin‘-^ [I + d) ^ 


Rule (21). Assuming the sun’s zenith distance at noon to be 
given, to find the shadow of the Gnomon, and the hypotenuse of the 
triangle, having these lines as sides at noon 


Shadow at noon 


_ 12 sin (/ h d) 

““ ^(R^ — sin2 + d)\ 

12 R 


12 


sin c 
eos c 


Hypotenuse at noon = , . . rr x -e t 

V{R2 — sm^ {I ± d) I 


12 

cos 


Rule (22). The shadow and the sun's declination being given, to 
find his amplitude, and the sine of the amplitude reduced. 

Sin amplitude wlien h is the equinoctial hypotenuse. 

The amplitude here is evidently that of the suu when rising. 

Sin reduced amplitude = sin sun’s amplitude—, H being the 
hypotenuse at noon on the given day 
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sin reiuced 
amplitude 


h-R 
’32 K 


sinci; but at noon 


12 

K cos (i i of 


_ h sin d 
cos [I + d) 

Kule (23). Assuming the equinoctial shadow, and the sine of the 
reduced amplitude to be given, to find the Bhuja, the rule gives for this 
purpose the following cases : reduced sine of amplitude -f- Palabha 
— North Bhuja when d is south ; reduced sin amplitude — Palabha 

North Bhuja when d is north. 

Eule (24) states reduced sin amplitude — Palabha — South Bhuja 
when d is south, and every day at noon the Bhuja is equal to tlie 
Gnomonic shadow at that time. 

The truth of the property enunciated in rule (7), already referred to, 
may be proved by modern trigonometrical methods, the radius being 
assumed unity. 

Taking the figure before given and described xmder rule (7), in 
which M 0 E represents the intersection of the horizon with the 
vertical circle passing through the sijn at any time, and 0 H to be 
then the shadow of a Gnomon of 12 dig>‘ts, cast on the plane : 


N 



The amplitude of the sun will then be the angle H 0 L, measured 
by the arc R W, and 


Rides for resolving questions of Time, tfeo. 


239 


H 0 R 6 ‘‘ 


: sin R 0 D 


H L = sin sun’s amplitude . . • (1) 

Again by spherical trigonometry it is easily shown that ; 


the sine of the sun's amplitude= 


cos I sin 


tan loos z . . . (2) 


Where cZ = the sun’s declination, = his zenith distance and I =r the 
latitude of the idace. 

But from the right angled triangle of which the Gnomon and 
shadow are represented by 12 digits and and the hypotenuse 
by H. 

From rule (12) we have =z — = tan I 
^ ^ cos L 12 


and from (20j, sin s: 


S , cos 12 

and -r- = -^- 

11 sin S 


By substitution of these in equation (2) it becomes 

o. . 1.. I H sin d Palabha 

bin suns amplitude = ., * - — 

^ b cos L b 

or, S 'sin amplitiit^le -j- Palabha = If — (3) 

cos c 

Now, if A represent the amplitude, when the sun io just rising or 
setting on the same day 

. . sin d 

sm A = 7 

cos L 

By substitution in (3) we liave 

S X sine amp. at given time + Palabha = H sin A. 

But in (1) S ’sin amp. = H L, and Palabha =: L T, and their sum 
H T = II sin A. 

Rule (25) assumes tlie latitude and sun’s declination to be given ; 
then,^when the Sun is on the prime vertical, the hypotenuse of the 
shadow is foun^d from 

12 sin I 


s^n ^ ^ equinoctial shadow 
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The figure being supposed to represent a projection of circles of 
the sphere on the meridian, D s S U the diurnal path of the sun and 
S his place on the prime vertical 0 Z, and S P his distance from the 



pole. Then in tlie spherical triangle P Z S, the angle P Z S is a 
right angle, and by Napier’s rule cos S P = cos S Z • cos Z P. 

(1) or, R sin d == cos Z • sin / wliere ^ P = 90 P Z = Z and 
Z P = 90^1. 


But in the triangle formed by the Giioinon, its shadow and the 
hypotenuse II, cos Z = 12 , substituting in (1) and reducing 

(1) H = 12 sin I - Palabha X cos 

^ Sin d 

, ,, Palabha . 

(2) , also H = r - , - • cos t 

^ sin 

In rule (27), the value of H, is found otherwise, when d is north 
and less than I, from 


(3) H: 


Palabha X /^i 


,^j being the hypotenuse 


‘ reduced sin amplitude at noon ’ 

at noon. 

But in rule (22) it is shewn that the reduced amplitude at noon 
=: ^ sin A, where A is the rising amplitude. 
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And sin A = substituting these in (3) 

H = X cos i, the same as (2). 

sin d ^ ^ 

Eules (28)) (29) aud (30) arc preparatory to (31) and (32), the 
object of which is to find tlic sun’s altitude when in the vertical 
circle whose azimuth is 45^. 

In (28) and (29) tlie term Karani is assumed 

144(^ - sin'^ a) 

"" “"72+Palabha^ 

hi (30 i the term Phala is assumed 

— ^ 

724*Palabha 

In wluch Palabha is the equinoRial shadow aud A is tlie rising 
amplitude of the sun. 

Ill rules (31) aud (32), the Kona-Sanku or sine of the sun’s altitude 
when his azimuth is 45° =: V Karani + Phala ^ + Phala. 

To prove the truth of this solution, in the figure, let the circle 
H Z P O represent the meridian ; If R 0 the horizon ; and Z S R 



a vertical or azimuthal circle passing through the sun S; of ^\hk•h 
the angle S Z H = 45°, therefore S Z P = 135°, P S the arc of a 
decimation circle = 90— cZ, and Z P 90 — Z, I being the latitude; 
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Then in the s])herical triangle PZ 8 we liave, in circular functions, 
(Jos S Z r * sin Z S * sin Z P = Jt® cos S P— P cos Z P • cob Z S. . . ( 1 ) 

[Tlie Indian astronomy has two systems of trigonometry, one 
referring their prohhnns to (he trigonometry of the sphere, the other 
referring tliem to the right-angled triangle, of which the two sides 
are t he (Inomou and its sluidow, the third side being the corresponding 
hypol eimse.] 

Assuming for Diese their initials s. It, equation (1) lias to be 
tiansfonued so that, tin* sines and eosm(‘s may be expressed in terms 
of < 7 , h and P, U being the assumed radius of the sphere. 

In equation (1) 

8in Z P — cos /, eos Z P = sin /, 


li 

- If ' 




P being tiie equinoctial shfuiow. 

Also, cos 8 Z P = cos 1 35^ cos H P = sin d 


K 

Vs 


= A, 


A being the sun’s rising amplitude. 

Substituting these values respectively in equation (1), it becomes, 
when reduced, 


V~2 


' sin Z = (/ sin A — P cos Z (2), 


In which Z the zenith distance Z S is required, 

Squaring equation (2), we have 

’ sin 2 Z = g‘^ sin- A-f-P® cos® Z-“2 ^ P sin A • cos Z. 
Or, since sin® Z = 1\®— cos® Z 

~ Z — 2 g P sin A • cds Z. 


Or, 


’■I 


f?!-sm2 A 


a ^ 


. 2 ,7 * P sin A 

= cos® Z - ~ 7® , W ’ cos Z, 
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Now let Karani 


.".’(zi!"’' a) 

' „o ' ' ■ — \ / 


.<L+P. 


72 + ?'^ 


g being 12 


g P sin A 
And Phala = tf^ 


12 P sill A 
72-f P‘^ 


Then Karani cos^ Z — 2 PlialaXeos Z, a i|nadratic lor eos Z, 
consecjnently Karani + Phala —■ (cos Z— Plinla) and tlio Kona- 
Sanku ■— eos Z — V Karani + Phala^ 4: Pliala^ sin sun’s altitiuUs a 
solution identical with that given in rules from 28 to 32. 

As a corollary t.lui sine of tlu‘ zenith distance, or 


Drig-jya — \/ II*— Kona-Sanku'^h 

Rule (33) then states that at the time the shadow of the (hiomon 

‘HI 

^ ^ II J^iig-jya ^ , s in Z 

Kona-Sanku sin a 

, . ,,, Drig-iva sinZ 

and th(' liypotenuse ~ 12 _ , , — !2*-.- . 

‘ Kona-banku sni (C 

Rules (34 to 30). ProceeJ to iind the sun’s altitude at any time 
from noon, wheif tlfe hour an^e If in degrees, the declination d, and 
the latitude I are given. 

(34.) Assumes 1) the ascensional difference to be known, which 
from I and 4 (*an be easily computed. 

And R + sin }) is called the Antya, 

It is the sine of tJie arc measuring the hour from .sunrise till noon. 

Then (Antya- Vers called Clilioaa -- (R + sin J) -Vers H) 


cos (.1 -J 1 1 , t!OS I 

and Chheda X ,, 


D^Vers H) 


cos d cos I 

Jpi * 


banku or sin sun's altitude -“(H + sin 


This result for linding tlie sun's altitude may be verified and 
explained as follows : — 

In the adjoined ligiire let H Q Z P N repre.'-ent the meridian, 
HEbN the liorizou, iS the place of the sun when rising; S, his 
place at any time from noon on the small diurnal circle s S ; If the 

K 2 
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corresponding degrees in the hour angle S P Z ; Z the sun’s zenith 
distance 8 Z ; d the declination the complement of S P, and I the 
latitude = 90'’— Z P. 


Z 



ifence in the spherical triangle S Z P, 
(’os H 


R < 08 ^ ^ I I . ^ 


0 ) 


’ cos I COH d 

f 

Also in tlie right angled spherical triangle E M S, in which 
E M = D, the ascensional difiference M S = and the angle, 
S E M r= 90'’— and ])y Napier’s rules 

sin D = i R ^ ’ fan d (2) 

Therefore from (1) and (2) by addition 

R2 cos Z 


or (cos H 4; sin D) 


( ’os H + sin D) = = r 

^ cos t cos d 

cos I cos d 


R2 


cos Z = sin of the sun’s altitude 


which is a result identical with (hat derived from Rules (34 to 36), 
since cos H = R— vers H. 

By way of corollary the Drig-jya or sin zenith distance is*" found 


sin Z = VR^— sin® a, a being the altitude. 

Now by a reverse algebraic operation on the formula 

cos d cos I 


(Antya— vers H) 


R* 


: sm a 
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as derived in rules (34), (36), supposing the sunV altitude, with his 
declination and the latitude of the place to be known, any of the 
terms Antya, ascensional difference, the amjditudo at rising, or the 
hour angle H may be fountl ; such a method is adopted in Rules 
(37), (38) and (39) by reversing the calculation for the purpone of 
finding H, thus- 

Tos~/~ ~ c/hheda = (Antya — vcnsed sin II) — 


sill a R Cdiheda 

cos d cos I ~~ cos d 


Aid y a— -vers 


H 


Vers II 


sin <( 
cos d, cos f 


/. H zr: arc whose versed siijg is Antya — 


R2 sin a 
cos d cos I 


•*. H is found from the table of versed sines given in (liapter IL, in 
which the radius is 3438, it is expressed in minutes of arc which are 
equivalent to pranas of time. For the sidereal day contains 21,000 
pranas, and 360 degrees consists o^tbe same number of minutes. 

The calculation is made by successive steps, because tliere is less 
liability of error when a formula is taken arithmetically in parts, witli 
distinct names, than as a whole in whicli the relaaon of the parts 
is not kept distinctly in view. 

In our methods, complex forinuhe are rendered more easy of 
solution by being in the first instance adapted to logarith.mic com- 
putation, when traces of their origin are sometimes lost sight of. 

A preparation is then made for calculating the sun's declination 
and his longitude at a given time; the latitude of the place, /, tiie 
sun’s declination, d, the reduced amplitude A', or the rising ampli- 
tude A, being also given. 

From rule (40) we have — 




Also — Sin sun’s longitude = 


R sin d 
sin 24® 
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Those fire results derived from right angled sjdicrical triangles, 
easily shown to true by means of Napier’s rules, 

Kuhi (41) su[)[»ose.s that the end of the shadow of a vertical 
gnomon moves on the liori/ontal plane in the circumference of a 
(‘ircle. This is an error, whicli was refuted by IMiascara in the 
Goladhyliya. In fact, the locus of tliis point is a hyperbola. 

Rules (42 to 44) would app('ar to need some preliminary 
('X2)lanation. 

At any ydace on the e(|uator the sidiere of the heavens, as it 
aj)pears to a sped at or, is termed a right sjihere. 

If a projection of it on the meridian be rej^resented by th(^ figure 
E P (i p, in wliicli the horizon is indicated by p, the ecpiat or by 
K (h and all the 2 >arallel diurn aVeircles, in which the heavenly bodies 



z 


appear to move, will be 2 )rojected in straight lines at right angles to 
the horizon. The first jioint of Aries will rise in the East, as at 
sn])})osecl in the figure, and the position of the ecli 2 >tic will then 
appear as a straight- lin(^ “t, etc. . 

The diurnal motion of the sphere will be round P as an axis, the 
poles P, and p, being then in the horizon, and the first point of each 
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sign will come to the horizon when rising, at points 0 R 8. If 
great circles of the sphere be sn])posed to be drawn from tlie ])olo V 
through each ot the ])oiuts « t* a, meeting the (Miimtor K ^ Q in 
points M, N and Q, then the times taken by the three ]>oints of the 
ecliptic to rise at (), R and 8, will be measured by the arcs of the 
equator ^ M, ^ N and 'f Q, which aiu equivalent tot lie right ascensions 
of tlie three points, expressed in time ; and t M, M N and N Q will 
be the times taken successively for the rising of each sign and they 
are called the rising periods of the signs at the ecjuator. ddn* 
ascensions in a right sphere. 


Rule (42) has for its object th(‘ determination of the rigid ascensions 

of the extremilios of the iirst three signs at the ('cli]>tic; it is 

expressed in words, e(|uivalent to formula 

o. ,r> Oos 24®. sin L 

8in 7R = -vm — , 

(.os d 

To apply this rule to the calculation of the right ascensions, 
corresponding to longitudes of 30®, GO® and 00® of tlie ends of the 
three signs from the vernal (;^piir?ox, the first step is to calculate the 
declination of eacli poiid*liy rule (40). In Hindu commentaries 
these are given respe(?t ively as 


11® 43', 20® 38' and 24®. 

For these arcs the cosines are then found to rndius 3^138' and are 
336G', 3217' and 3141', which, witJi sines of the eorn'sponding 
longitudes found fnnu tlu* table of sines, are sid»st it uteri in tin* rule, 
or the above formula, by means of which the rec^uiix'd right ascensions 
of the three ends are found to be 


1670', 3465' and 5400' or 
27® 50', 57® 45' and 90® 

The differences of the three right ascensions, namely, 

1670', 1795', and 1935', in arc 

are e(iaiva1oiils of the same number of pra-nas reckoned in sidereal 
time. 

They are the rising periods, or ascensions, of tlio tirst three signs, 
successively, in a right sphere. 
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The same, numbers in a reverse order 1935, 1795 and 1670, are 
the rising periods of the next three signs, and the periods of the 
remaining six signs have the same values in tlie same order as those 
of 11 le first six, 

For all places on the earth, the right ascensions of the extremities 
of the signs have the same value as on the equator ; but the rising 
periods of the signs, for places in nortli or south latitude, are the 
times of oblique ascension, in an oblique sphere ; that is, in a sphere 
whose ])o 1 ar axis makes an angle with tlie liorizon, equal to the 
latitude of tlie plac(^ 

The differences l>etween the lengths of days and nights at places 
not on the equator, are, owing to the sun’s apparent diural motions 
in the small circles of an ohliqin|' 3 f>phere. 

At all places on the equator the days and nights are equal, 
although the arcs of of each sign take different times in insing. 
For places b(*tw'(‘en the equator and the arctic circle it is only when 
the snn is in either equinox, that the day bedw^en sun rise and sun 
set is equal to the uight between ^sun#5et and sun rise. For otlier 
days, at })la<*es in north lafitudo, when th? fiin lias a northern declin- 
ation, the days are longer than the nights, hut when the declination 
is south, the days are shorter than the niglits; and in thest* eases, 
the difference in time between sun rise and six hours from noon is 
called the ascensional difference. 

Tliis difference in Kindu Astronomy is called Chara-Kala. The 
difference between the period of the rising of a sign in a given 
latitude and tliat of tlie same sign at the equator, is called the 
Chara-Khanda of that sign for the place. 

For finding the rising periods of the first three signs at a given 
place, rule (43) continues by staling that, the ascensional diflferfences 
of their ends are to be computed for the given place. If these be 
assumed respectively to be Dj, Dg and D 3 , then Dj, Dj - Dj, and 
D 3 -D 2 are the Chara-Khandas at the place of the first three signs. 
These Chara-Khandas are then to be subtracted from the rising 
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periods of tlie same three signs at tlie equator, and the remainders 
will be tiie rising periods in Pranas ai the given p]no(\ 

For the next three signs, their Chara-Khandas arc a<lded in a 
reverse order to tin' corresi)onding rising periods at tin' equator, and 
the sums will be the rising periods of tliese signs at (he place. 

Tlie rising periods of t he six signs tlius found, taken in an inverse 
order, answer for the remaining six. 

To make the sulqect moiH' ('asily undc'rstood, let ns assume the 
latitude of the place to be 22" 30" north, then the ascensional 
differences Dj, 1),^ and T) , are 297', o41' and (>42'. 

The (diara-Khandas are, therefore, 297', 244' and lOP, (dther 
minutes of arc or pranas of time; and tin' acJcoinjKinying table 
shows the rising ])eriods of the twi^e signs at the equator, and at 
places wliose latitudt* is 22"^ 30', togetln'r with the ascensional 
differences, respectively : — 



rimoB of Uhinjj; 
at oqwitor 

in sid<»ro^l 
» tinu*. 

Asc(»TUHional 
diircrc'm ivs in 
sidereal time 
at places in 
north latitude 

22F* 

Times of risinj^ 
in sidere.'il time 
at pliua^'. 22 
north latitufle. 

Aries 

1670 

- 297 

1373 

Taurus ... 

1793 

244 

lo49 

(jemiui ... 

1937 

— 101 

183(i 

Cancer ... 

1937 

+ 101 

2038 

Leo 

1793 

+ 244 

2037 

Virgo 

1670 

+ 297 

1967 

Libra 

1670 

+ 297 

1967 

Scorpio ... 

1793 

+ 244 

2037 

Sagittarius 

1937 

+ 101 

2038 

Cai)ricorn 

1937 

~ 101 

1836 

Aquarius 

1793 

- 244 

1549 

Pisces ... 

1670 

__i 

- 297 

1373 


In the 13th Chapter of Surya Siddlianta, the point of the ecliptic 
just rising in the eastern horizon at any time is called the Udaya- 
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Lagna, or Horoscope; the point just setting is tlio Asta-Lagua; and 
the point on the meridian, the ciilminat ing point of the ecliptic, is 
called the Madhyama-Lagna, 

The Udaya-Lagna is the ])oint on which depends the casting of 
a nativity, or the construction of a scheme of the heavens, at the 
time of a birth. 

It is of jnuch importance for finding Ihe Nonagosijua ])oint, and for 
other purposes in the Hindu method of cahuilating eclipses. 

The operations on which rules (45), (40) and (47) of this, Third 
Chapter of the Surya Siddlianta, depend, are founded upon the fore- 
going rules relating to t he rising periods of t he signs, at a given place. 

Knh' (45), From the sun’s longitude ascertaimnl at a given 
time, find the Bhukta and litogya times in Branas. Multiply 
the numbers of the Bhukta and Bhogya degrees (of tlie sign in 
which the sun is at the time) by (lie rising period of that sign, and 
divide the ]>roduct by 30* 

liules (40), (47), From the gi\*en time in Pranas subtract the 
Bhogya time in Pranas, and the risiug^periods of t he next signs (as 
long as possible, till a sign is Urrived at wlios(^ idsing })eriod can no 
longer be subtracted; this sign is called the Asuddha sign or the 
sign incapable of subtraction), Multi[)ly the remainder, that is 
found, by 30, and divide the product by the Asnddha vising ])eriod ; 
add the (juotient, in degrees, to the preceding signs reckoned from 
Aries. The result will be the pla(je of the horoscope at the eastern 
horizon. 

If the time at the end of which the horoscope is to be found be 
given before sunrise, then take the Bhukta time and the rising 
periods of the signs preceding that which is occupied by the sun, 
in a contrary order from the given time. 

Multiply the remainder by lU), and divide the product by the 
Asuddha rising period. Subtract the quotient in degrees from 
the signs; the remainder will be the place of the horoscope at the 
eastern horizon. 



Rules for resolving questions of Time^ t£c. 


251 


The following is an example of the method of calculating the 
horoscope in accordance with these rules — 

Suppose the latitude of the place to be 22' 30', which is about 5' 
south of the ancient cit y of Dliar, in Malwa, and *11' south of Ojein, 
for one of which places the table of the risings of tiie signs given 
above may liave l)een intended ; and let the sun’s place at a given 
time, say 5 hours 15 minutes reckoned frojn sunrise, be eight signs 
20"^, supposed to be calculated from tables, or rules of the Second 
Chapter for the given day and hour. 

Then, his place would be 20^ in the sign Sagittarius, and would 
divide that sign in the i)ro[)ortion of two to one. These parts are 
named in the rul(\s the Bhukta and Bhogya degrees, and the rising 
period of Sagittarius, from the tahlS is 2038 Pranas, which, divided, 
in the pro])ortion of two to one, gives 1,358-} Pranas and G79'J Pranas 
the Bhukta and Bhogya times. 

Now the given time from sunrise being 5 hours 15 minutes, or 
18,900 seconds, and expressed in^Indian form, we have — 

IVinas. 

The given time from sunrise . . . , , . . . --^4,725 

Subtraeting from this the Bhogya time, . , . . . ™ 

The remainder becomes the time when the first (hpricorn 

rose . . . . . . . . . . , . . , .-rr 4,045} 

Again, subtracting from this rennainder the rising period 

of Capricorn . , . , . . . . . . . , 1,836 


We have time since tlu^ rising of first Aquarius . , 2,109f 

Then subtracting the rising period of Aquarius. . . • — 1,549 

Or the time since the first of Pisces rose . . . . =“ 560} 

Bui the rising period of Pisces cannot be subtracted from the 
above remainder; Pisces, tlierefore, in this case has the name of the 
Asuddha sign. 

To determine the proportional part of the sign itsedf, we have — 
liising period of Pisces : 560} ; : 30" : proportional part. 

/, proportional part of Pisces above the horizon ■=: 
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Or the Lagna is = \ 2 ^ 15' 1" from the beginning of Pisces, or 
17® 45' from tlie Equinox. 

The calculation from the Lagna, or Horoscope, was of great 
importance in the Hindu theory of a solar eclipse; it was used also in 
the rules of com})Uiing the conjunctions of planets, and in those of 
tlieir heliacal risings and settings. It is also obvious that the non- 
agesimal point of tlie ecliptic, which is at a distance of 90'', measured 
on that circle from the point of it which is the momentary horoscope, 
is at once found wlien the Lagna is known. The Azimuth of the 
nonagesimal point, is likewise found at once from the amplitude of the 
Lagna, by the addition or subtraction of 90° measured on the 
horizon, all involving less labour than the more comj)lex rules given 
in oui works on Astronomy of alf^t 150 years ago. 

The time being given, as assumed in the preceding rules, and the 
place of the sun being found for that time, rule (48) indicates the 
method of finding the jNIadhya-Lagna, or the point of the ecliptic 
then on the meridian, v.e., tlie point|^ommonly called the culminating 
point of the ecliptic. ^ 

First, the hour angle from noon is to be found and its ecpiivalent 
in lhanas of c([uatorial time ; and the rising periods of the signs, 
witli tlieir Blmkta and Bhogya time, corresponding to this horary 
angle, are to be estimated by a method similar to that employed lor 
the horoscope. Then the arc of the ecliptic in signs, tlegrees, etc., 
indicated by this estimated time, is to be added to the place of the 
sun, or subtracted from it, as the case may be, for times before or 
after noon. The result of this process gives the place of the cuL 
ininating point of the ecliptic. 

Kule (49) is a converse rule to that for finding the Lagna. The 
object is to find the time from sunrise, when the place of the horo- 
scope and that of the sun are assumed to be known. 

The text of the rule is ; “ Find the Bhogya time in Pranas of the 
less (longitude), and the Bhukta times of the greater, add together 
these times and the rising periods of the intermediate signs 
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between the two given longitudes, or places of the sun and the 
horoscope) and you will find the time.” 

Rule (50) states the various cases iliat may occur in the foregoing 
rule. 

When the given place of the horoscope is less than tluif of the 
sun, the time will be before sunrise ; hut when it is greater, tlie time 
will 1)6 after sunrise. And when the given [>lace of tlie lioroscojii^ is 
greater than that of the sun, increased by six signs, the time found 
from the place of the ]K)rosco[)e and that of tlie sun added to six 
signs, will be after sunset. 

Rule (50) which determines the time for sunrise (when the place 
of the sun, and that of any point of the ecliptic just rising t)n the 
eastern horizon, are both given), rc^oned from either equinox, is in 
a great measure applicable to the ri&ings of tlie live planets, whose 
latitudes are generally small, and which may have their places at any 
degree of longitude. 



CHAPTER IV. 


ON THE IILNDII Mb:TI101> OF CAEOl-LATING THE CCCCRHENCE OF 
THE ECLIPSES OF THE MOON. 


Tjic day on wliicli a Lunar Ecli 2 >s(^ will ha 2 )j)en is to be found by 
comparing tlie ])laces (or longitudes) of the moon and her node on the 
day of tlie moon’s 0 })posiiioii with the sun, when it is ^^resumed the 
eclipse will take place, and if at the moment of the op2)osition the 
diftevence of the longitudes of the moon and her node be wdthin about 


7^ degrees, there will be an eclipse. 

In ( 'hapter IV. the sun's mean diameter is assumed G,d00 Yojanas, 
and the moon’s mean diameter is assumed ~ 480 Yojanas. 

On account of the variable distances of the sun and the moon, their 
appareni; diameters are greater wh^^i near than when more remote, 
and a correct ion is applied on the hypothesis that the a^^^^arent 
magnitudes vary wdili the daily motions, w^hich also are in the inverse 
ratio of the distances. 

The mean daily motions of the sun and the moon are found by 
dividing the revolutions made by each in a Maha-Yuga by the 
number of days in the same Yuga, taken from Taljle 1. of Chapter I, 
of the SidtUianta, 

Thus, the mean daily motion of the sun — 

1 ,0 • i ,y 1 1 ,c5^o 

reduced to minutes 59*13616', and 

1 .1 4* 4 1 57,753,336 

The mean daily motion oi the moon Y“5y7 “bfy'gOg* 


The daily motions of the sun and moon on the day of the eclipse 
are called their true daily motions 

Rule (*2) is that ** The diameters of the sun and moon multiidied by 
their true diurnal motions, and divided by the mean diurnal motions, 
become the Sjihuta or rectified diameters.” 
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If and be taken to denote the true diurnal motions of the sun 
and moon in minutes on the day of the e(*li]>se, then 

The sun’s rectified diameter 

09'13()1() 

The moon’s rectified diameter 

/ JK)'5(> 

Rule (3). “ The root iiied diamet(n* of tlie sun muliiplied ]\v l\is 

revolutions (in a .Afaha-Yuga; and divided by the moon’s re^volutioiis 
in thai Yuga, or multiplied by tlie pe)'iplu‘ry of tlie moon's orbit and 
divided by tlnit of the sun, becomes the diameter of the sun at the 
moon’s orbit.” 

Hence, after reduction of the large numbers liint' employed, 

The diameter of the sun at- the l^oon's orbit Yojanas 

8*222 • 

^J’he circumference of tlie moon’s orbit is reckoned to l)e 324, ()()() 
Yojanas, and the number of minutes of are in the satiie circum- 
foretic(‘ being 21,000. Therefore, 15 AYjauas correspond with one 
minute of arc, and the above dhimeter of the sun, divided by 1 5, gives : 
The apparent diameter of the. sun’s disc in minui es of ar(* 

-548 1 3 

/. The mean apparent diameter of tlie sun’s disc 

^ *548 X *5 X 59*13610 — 32*3943' nearly. 

Tl)e rectified diameter of the moon, divided by 15, gives: 

The ajiparent diameter of the moon’s disc in minutes 

480 X" /< 

^ 79 ( 1^15 


And the mean apparent diameter of the disc 

of the moon 


32 minutes. 


b’or the diameter of a section of the oartli’s shadow at the moon is 
found by rules (^4) and (5). ^hAInltiply the true diurnal motion of 

A 

the moon by the eartli’s diameU^r, and divide the product by lier 
meati diurnal motion ; tlie quantity obtained is called th(^ tSuchi/ 
The earth’s diameter is estimated to be 1600 lojanas. 

1600 X 


The Suchi = 


790-56 


^ • Yojanas = 2*024 x nearly. 
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The calculation then proceed.^, in rule (4): ^‘Multiply the difference 
between tlie earth's diameter and the rectified diameter of the sun, 
by tlie mean diameter of the moon, and divide the product by that 
of the sun.*' 

The operation is indicated by — 

This iimoxint is then to be subtracted from the Suetii, and the 

remainder is the earth’s shadow at the moon in Yojanas 

_ 1600 X /' ( OaO O X " 

I 59-"l3616 


1 coA 1 480 . , . 
-6500 


790*50 

and dividitJi^ by 15 to convert the Yojanas to minutes: 

The diameter of the earth’s shadow at the moon in minutes of Arc, 


becomes 


1064 X - 32 X 


(T 

59*136 


If we make /» 790*56' and ^ -- 59*136', the mean motions of 

the sun and moon. 

The mean diameter of the earth’s shadow reduces to 
106-1-2;^^ -f 7| — 32 =■ 8!s minutes nearly. 

r 

Kulc (6). “ The earth’s shadow is always six signs from the sun. 

When tlie place of the moon's node is equal to that of the shadow, 
there will be an eclipse, or, when the node is some degrees within, 
or beyond, the place of the shadow, the same thing will take place.” 

Kales (7), (8). The longitudes of the sun and moon being com- 
put(‘4 for the midnight ]jrececling, or after conjunctoii or opposition, 
proportional parts are to be applied for the changes of their places 
in the interval between. 

Kale (9). The moon being like a cloud in a lower sphere, covers 
the sun in a solar eclipse ; but in a lunar eclipse the moon moving 
eastward enters the earth’s shadow, and the shadow obscures her 
disc.” 

To find the magnitude of an eclipse : Let D be the diameter of the 

coverer, d the diameter of the body eclipsed, ^ the latitude of the 
moon at the time of Syzygy. 
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Rales (10), (11). The quantity of the eclipsed part of the disc 
will be = ^ (D Jh d) — 

If this quantity be greater than the diameler of 1 lie disc of the 
body undergoing eclipse, the eclipse will be total; ot]ierwis<% it will 
only be partial. 

But there will be no eclipse if X is greater than 

Rule (12.) ‘‘ Find the halves, separately, of the sum ami difference 
of the diameters of tliat which is to be covered and that which is the 
coverer. 

Subtract the square oi^'the moon’s latitude from the squares of 
the lialf sum and the half difference and take the s(]uaro roots of the 
results.*' 

Rule (13.) ‘‘ These roots, multiplied by 60 and divided by the 
diurnal motion of the moon from the sun, give the Sthity-ardha, the 
half duration of the eclipse and the Mard-ardha, the half duration 
of the total darkness, in Ghatikas (respectively).’* 

If these be denoted by S arid IJI and the daily separation of the 
moon from the sun by 

Th«u S = X V( ^ - n* and 

To illustrate the method of calculation by a figure : — 



Let the line Hj E N represent a portion of the ecliptic, and M, 
M N a part of the moon's path interesting the ecliptic in the 
ascending node N« 
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If K and M be siij))) 0 !=;(‘d to be the centres of the earth’s shadoWj, 
and of tlie moon, at llie instant of opposition, that is, at the time of 
the full moon, then E M will n^preseni tlie latitude of the moon, at 
that time (which may 1)e deiiolc^d by T), and E M will be - \ 

An'aiii, let H and j\I , betlu^ places respectively of the centres of 
the shadow, and of the moon, at the beginning of the eclipse, or the 
jiiornent of the first, contact of the moon wdth the shadow, then Hj 
II is the difference of the moon’s longitude from lier place at the 
first (contact, and Inn* ])lac(‘ at full moon, 

Tlie arc 11^ II is foiind approximately l)y nssuming the moon’s 
latitude, ^ , to remain for a short time unchanged and that in the 
triangle M, E 

Ml 

l?ut M , K = , E M = X and M , M = H j H i loarly, 

or It H, -J" but I being the assumed daily relative 

motion of the sun and the moorv and H, the half duration of the 
eclipse 

Si _ H Hi 
60 



From the daily motions of the sun, the moon and the node, 
proportional jiarts of their longitudes are to be computed for changes 
in them, during tlie time S ; these are to lie applied by subtraction 
from the places found for the sun and moon at the time of the 
opposition, but by a<ldit ioTi to the place of the node at that time. 

Tlien by means of the corrected places of the moon and her node, 
the moon’s latitude is to be computed, and this being substitriled in 
the above formula a, nearer a])proximation is obtained for S. 

The process is to be repeated until the value obtained for S is the 
same in each repetition. 

This value of S is called the exact first Sthity-ardha. 
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To find the second Sthity-ardha, or that for the end of tlu; eclipse, 
the proportional changes in tlie places of the sun and moon are now 
to bo added to their ])lace at the opposition, hut the ehang** in the 
place of the moon’s node is to be added to the [)lac(‘ at tln^ 
opposition. 

From these corrected places, the moon's latitude is again to he 
computed and snl)stitutfMl for in the above fornmla, for a m^arer 
value of S, at the last conta<*t. 

The same process is to he repeated until tln^ (‘xact st^ond 
Sthity-aixlha is found. 

In like manner, the first and seeond jMavd-avdlias are determined 
by repeated calculations. 

Jtiile (16). The tniddle of file lulfSir eclipse is leckonod to occur 
at the time of the full moon. 

If this time bo denoted by T, then 
T— 1st S is the time of the first contact witlj tin' shadow and T + 
2nd S is (he time of the end of t^p eclipse, also 

(] 7). T - 1st M and T lud 7^1 are the times of tlie beginning 
and end of the total flarkufss. 

To determine the amount of obscuration at a given time during 
the continuance of an eclij>se : — 

Tiie cpiantity of the eclipsed part gradually inci eases to tlie middle 
of the eclipse, and it is determined at anv moment, hv the time 
elapsed from the beginning, or first contact, whicli may hert^ hc‘ 
denoted by m* 

A proportional ])art of the variation in longitude is to })e eoin]>nted 
in minutes of arc fur the time S — '//^ S as before being the 1st 
8thity-ardha, or half the duration. 

If the relative daily motion in longitude bt' dc'iioted liy /, llio 
difference in longitude at the moment, from that at the middle of 
the eclipse would be in minutes of arc 

^ Jl (S — 

60 ^ 

3 2 
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This difference is called the Koti ; tlie perpendicular of a right 
angled triangle of which the base is the moon’s latitude, and the 
hypothenuse is the distance in arc between the centres of the moon 
and the earths shadow in the lunar eclipse, and between the centres 
of the moon and the sun in the case of a solar eclipse. 

The eclipsed pai*t in minutes ^ ^ J — V 

A 


Kule (21). A similar method is employed for calculating the 
eclipsed part at a given time between the middle of the eclipse an 1 
the end, in which case the second Sthity-ardha is used for finding the 
Koti or perpendicular of the right angled triangle. 

Rules (22 — 23). In these rules the converse of the above proposi- 
tion is propounded. ^ 

The quantity of tlie eclipsed part is supposed to be given in 
minutes of arc, for which the corresponding time in Ghatikas is to be 
found by a method similai to that in rule (13) ; the process being 
re})eated when a nearer approximation is desired. 

4 , ' 

If n denotes the minutes of arc of iUie eclipsed part of a lunar 
eclipse, then 

Koti = 


and in a solar eclipse 


The - «y- 

Mean Sthity ^ V 2 / 

From the Koti the time is found in Ghaticas, as in the method of 
finding the Sthity-ardha. 


ON THE VALANA9. 

It is remarked in the Surya Siddhanta that the phases of an eclipse 
cannot be exactly understood without their projection, and the Hindu 
method of projection is explained in Chapter VI, 

Here, however, two rules (24 and 25) are given for finding what 
are termed the Valanas, two angles whose sum or difference consti- 
tutes the so-called rectified Valana, or variation of the ecliptic,” 
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As an entire variation, it is equal to the angle between a circle of 
latitude through the place of a body on the eclipHc, and the circle 
of position throngli the same place; the circle of ]>osition being 
defined as the great circle, passing ihrongh a jfianet, and through 
the north and south points of the liorizon. 

To find the Valanas by 

Rules (24 and 25). P'ind the zenith distance of the circle of 
position passing through the body, muhi])ly its sine by Hie sine of 
the latitude of the place, and divide the ])roduct by tlie radius. Find 
the arc whose sine is equal to the (juotient; the degrees eonfained in 
this arc are called the degrees of the Aksha, or latitudinal Valana ; 
they are north or south, according as the body is in the eastern or 
western hemisphere of the place. ^ 

(25.) From the place of the body, inci'eased by three signs, find 
the variation (which is called Ayana or solstitial Valana). Find the 
sum or ditference of the degrees of this variation and those of the 
latitudinal A^alana, when those ai^ of the same name or of contrary 
names ; the result is called rfie Sphuta or true Valana. 

'‘'The sine of the true Valana, divided by 70, gives the Valana 
in digits.” 

In order to explain the abo\e two rule.^^, let K Z V X represent the 
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meridian of the place, Z the zc'nitli, .P the pole of the equinoctial, N 
the north point of the liorizon P. E N, Z Jl E the prime vertical. 

Also snj>pose >S to he the ]>lace of the body to be eclipstnl, and 
through S the circle of position N S K to be drawn passing through 
the north and soutli points N and K of the horizon. 

Then tlie object of the Valana is to determine the position of a 
short, arc of the (‘ch))tic ^ 8 <*, as it would appear to an observer at 
a given place, if visibly trac(‘d on the disc of the sun or the moon. 

Now if K b(* the })osition of the pole of the ecliptic at the time of 
the ec]i])se, and P the pole of the cfjuinoctial, it is obvious that the 
small arc t S c will l)e at right angles to S K, the circle of latitude 
through S ; and the rectilied Valana w^ould be the angle K S N 
betw(^en the circle of latitude and the circle of position 8 N, or 
the angle K H N. 

But in many respects, it is more convenient to calculate separately, 
the two angles composing it, namely, P S N, the Aksba Valana, and 
K S P called the Ay ana Valana, and from these to form the true 
Valana by addition or subtraction as urn^y be found necessary. 

First. In tlie spherical triangle P S 

Sin P S N = ^ Put angle P N S is measured by 

sin S P ” 

Z H = N suppose, P N — the latitude = i and S P = the complement 
of the declination, 

Sine of the Aksha 1 _ siiij^l ^sin I 
or latitudinal Valana | cos d. 

In the text we have the Sin Aksha = , 

In which K here is to he understood, as the radius of the sun’s 
diurnal path, on the day of the eclipse, and consequently, the sun 
liaving a supposed declination d, the cosine of the arc d would be the 
nidius of the diurnal circle. 

Secondly, For the Ayana Valana the rule only directs it to be 
found from the place of the body increased by three signs, or 
longitude L -f 90''^ 
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In the spherical triangle P S K. 

P K the measure of the obli({uity is reckoned to lu' 24 S is the 
co-decUiiHliori, and tlu^ angle S K P == 1)0 , 

We have in the spherical triangle K H P, tln^ sine of tln^ angle 

|r u p Ayana or \ __ sin (90 -r- L) • sin 24^^ 

^ ‘ Solstitial Valana j ~~ cos il 

In wln(di cos </, as before, is ^‘presented in tlie text by K, the radius 
of the diurnal circle, whose declination is tin; are d. 

Tlie angle called the Ayana, is obviously the same as that which 
is called by astrononu'rs t In^ angle of position. 

Thus, it will be S(Mm tliai tin* rules (24) and (2;)) deal only with the 
asc<wiaining of the angles known as the Valaiia, whieii augh's give 
means of ])rojecting thc! line of the ecliptic u])on th(‘ disc of tln^ body 



CHAPTER V. 


I ON THE CALCULATION OF A SOLAR ECLIPSE. 

Tt lias been seen already (at the end of the description of the 
third Chnpter), how the Hindus by means of the rising signs, 
determined the place of the horoscope or the poii\t of the Ecliptic 
just rising, at any time, in the East<*rn horizon — the point called by 
the Hindus the Udaya Tjagna — and how, by similar means, they 
found the culminating point of the Ecliptic. 

To reckon 90"^ along the Ecliptic, from the point of it just rising, 
became also an easy method of'“ finding the point which among 
modern astronomers goes by the name of the nonagesimah 

This point on the occasion of a solar eclipse was of importance in 
its connection with parallax. 

Verse L, Chapter Y., begins by siting that there is no parallax in 
longitude, wlien tlie sun’s place is equal^o^the place of the nonagesi- 
mal, and that when the north latitude of the place is equal to the 
north declination of the nonagesimal point (that is when the 
nonagesimal point is in the zenith of the place) there will be no 
parallax in latitude. 

Rules are then laid down, as a preparation for calculating the 
parallaxes both of the latitude and the longitude when the place of 
a planet has different positions, i.e., when the sun is to the east or 
west of the nonagesimah 

By rule (3) the amplitude of the horoscope is determined. 

The place of the horoscope, at the instant of the conjunction 
reckoned from sunrise, is to be found by means of the rising periods. 

The sine of the longitude of this point is then multiplied by the 
sine of 24^, the sun’s greatest declination, and the product divided 
by the cosine of the latitude of the place. 
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The result is the Uday«T, or the siiio of the amplitude of the 
horoscope, thus — 

yr I sine L • sin 24® 

L daya = — - — - — r- 
cos I 


L being the longitude of the Lagna or horoscope, and / the latitude 
of the place. 

(4) . The place of tlie. culminating point of the ecliptic is then 
to be found by means of the rising [»eriods of the signs, and from the 
longitude of that point its declination is to be c.'ihudated ; let it be 
denoted by d, and the latitude of the place by L Then i is the 
meridian zenith distance of the culminating or middle point. 

(5) and the sine of the zenith distance sin (/ + d) is called the 
Madhyajaya, the sine of the middle point. 

To illustrate some of the teriril^ here used in the rules: Let 


R M Z P () represent the meridian, R K 0 the projection of the 
horizon, Q E C that of the ecpiator, E the east point, Z the zenith 
and P the pole of the equinoctial. 



Also let **■ M N L represent the ecliptic, M its culminating or 
middle point, L its lagna or rising point, N the point nearest the 
zenith or the nonagesimal, K the pole of the ecliptic, and H N Z K 
the vertical circle passing through N. 
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Hence '»■ lieiiig assniued as the vernal equinox, M will represent 
tlie longitude oftlu^ culniinating point, ^ N that of the nonasgesimal 
and ^ L of the horosco])e or rising point. 

It is obvious from tin' liguro since L Z, L N and theu’efore also 
Ti H represent quadmnts that L 11 is equal to E K which is also a 
quadrant, and if from each of tlu'se equals the common arc II E be 
taken, the remaining ar(*s R 11 and E L are ecjual. 

But E L rc'pn^sents tlu' amplitude cf the rising point, t lie sine of 
whicli, or the Udaya is found by rule (ojl, and the arc 11 If measures 
the angle E Z H, or M Z N. 

Now in the right angh'd spherical triangle M Z N, 

Sill M N = Sin M / N 

li 

or substituting from rules (3) and (;>) 

Sill A1 N = ^ 

' ^ ‘it 

__ sin (l + d) X sin 24*^. sin L 
^ii c|>s I 

Itule (5). The zenith distance N Z an^* tlie alt itude N H ol the 
nonagesimal point, are found approximately from their sines, that 
of the zeiiitli distanci^ of N being called tlu' Drikshejia, that of the 
altitude Driggati. 

To find the Drikshepa, ‘‘Multiply the Madbyajya by the Udaya, 
divide the product by the radius and square the quotient. Subtract 
the square from the square of tlie Madhyajya ; the siiuare root of 
the remainder is (nearly equal to) the Drikshepa, or the sine of the 
zenith distance of the nonagesimal, or the sine of the latitude of 
the zenith,^’ 

For the Driggati, “ The square root of the difference betweeh the 
squares of the Drikshepa and the radius is the sine of the altitude 
of the nonagesimal. 

‘‘ The sine and cosine of the zenith distance of the culminating 
point are reckoned the rough Drikshepa and Driggati respectively.” 



Calcidation of Solar Eclipses. 


287 


The rule for tho zonitli distance of tlio noiiagosinuil is obviously 
derived from the riglit angled spherical triangh* M Z N of the figures 
by considering the siiu‘s of its sides as if they sides of a plane 

right angled triangle, thus 

Sill ZN = V siir Z M-sin^MK 
In which sines of Z M and M N have been detailed above. 

PARALLAX. 

Tlie moon’s parallax in longitude, on the occasion of a Solar Elclipse, 
involves a series of (‘oinplex calculations, which for convenience, 
are divided into steps. 

The tru(3 time of conjunction of the sun and moon differs from the 

Xi> 

apparent time by the relative parallax of the sun and the moon 
expressed as time. 

Hindu astronomers estimate the moon’s horizontal parallax to be 
of the mean daily motion in her orbit. 

But the moon’s daily inotioh^is 13° 10' 4G’7, which divided by 
15 gives 52' 42" as lier ho;izontal parallax. 

On the same hypothesis they reckoned the sun’s horizontal 
parallax to be 3' 5G" and the relative horizontal parallax to he 48' 46". 

The ecpiivaleiit of this in time was estimated to be 4 Ghatikas, the 
fifteenth part of a day. 

Rule (7), The first step is to compute a divisor called the Ohheda 

_ (sin 30) - _ K“ 

Driggati 4 sine altitude of nonagesimal 

If the difference of longitudes of the nonagesimal and of the sun 
be denoted by D, then rule (8), the moon’s parallax in longitude from 
the sun, expressed in Ghatikas, 

""Ohhedii' 

This will be a first approximation to the relative parallax in time, 
and the continuation of the process will be understood from the text. 

Rule (9). “ Subtract the parallax in time (just found) from the 
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end of the true time of conjunction, if the place of the sun l>e beyond 
that of the nonagesirnal ; but if it be within add the parallax, 

‘‘At the applied time of conjunction, find again the parallax in 
time, and with it apply the end of the true time of conjunction, and 
repeat tlio eame process of calculation until you have the same 
parallax, and the applied time of conjunction in every repetition. 
The i)araUax lastly found is the exact parallax in time and the time 
of the conjunction is the middle of the solfir eclipse,’’ 

The relative parallax in latitude of the moon from the sun is found 
from rule (10). Multiply the Drikshe})a (sine of zenith distance of 
nonagesirnal) by the relative daily motion of the sun and moon, and 
divide the product by 15 times the radius. Thus, 

484 

Relative parallax in latitude 34^8 ^ zenith distance of 
nonagesirnal, or (11), 

T. ,, . , , Drikshepa sin zenith distance of nonagesirnal 

Parallax m latitude = ' -= - — - 

^0 70 

Rule (12). ‘‘ The amount of the parallax found is north or south, 

according as the nonagesirnal is north f r south of the zenith. Add 
the amount to the moon’s latitude, if thiy are of the same name ; 
but, if of contrary names, subtract it. (The result is the apparent 
latitude of the moon.y’ 

The apparent time of conjunction having been found, by applying 
the parallax in longitude, expressed as time, to the computed true 
time of conjunction, as indicated in rule (9) ; and for this apparent 
time tlie moon’s apparent latitude having been calculated, according 
to rule (10), by applying the parallax in latitude to the true latitude, 
the method of procedure afterwards differs little from that employed 
in Chapter IV. on lunar eclipses. 

Rule (13). ‘‘In the solar eclipse, with the apparent latitude of the 
moon, find the Sthity-ardha (or half duration) the Mard-ardha (or half 
the total darkness), etc,, of the eclipse, as before mentioned; also the 
Valana (or deviation of fhe ecliptic), the eclipsed portions of the disc 
at assigned times, etc,” 
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The first approximations to the times of beginning and ending, etc,, 
having been comx)iited, the x>rocess of finding th(i eftects of x>arallax 
is renewed where necessary fur each of such times, as detailed in 
rules (14, 15, 16 andl7 ). “ Find the x)ara]laxes in longitude (converted 
into time) by rex)eated calculation at tlie beginning of the e(!lix>s(', 
found by subtracting the first vSthity-ardha (just found) from the 
time of conjunction, and at tin' end, found by adding tln^ second 
Sthity-ardha. 

If the sun ])e east of the nouagesimal, and the [)arallax at the 
beginning be greater, and that at tlie end be less than that at the 
middle ; or if the sun be west, and the parallax at the beginning be 
less, and that at the end be greater than the parallax at the middle, 
add the difference between the X)aralltoces at the beginning and middle, 
or at the end and the middle to the first or the second Sthity-ardha 
(above found); otherwise, subtract the difference. 

It is then when the sun is east or west of the nonagt^simal at the 
times both of the beginning and llie middle, or of the middle and 
the end, otherwise add the sum of the parallaxes (at the time of the 
beginning and middle, or of the end and the middle) to the first or 
the second Stbity-ardha. 

“ (Thus you have the apparent Sthity-ardhas, and from these the 
times of the beginning and the end of the eclipses of the sun.) 

“ In the same manner find t he apparent Mard-ardha (and the times 
of the beginning and end of the total darkness in the total eclipses 
of the sun).” 



CHAPTER VT. 


ON THK PKOJECTION OF SOLAR AND LUNAR ECLIPSKS. 

The object of a projection is to shew, by a figure, the points on the 
disc of the Iwdy to ])e eclipsed at which the obscuration begins or 
ends, &c. 

y fu the beginning of the VI. Chapter of the Surya Siddhanta, it is 
stated that the phases of an eclipse cannot be exactly understood 
without a knowledge of their projection. 

In a lunar eclipse, the moon’s eastern side becomes first immersed 
in the shadow, and the western side is the part that emerges. 

In a solar eclipse, the western side of the sun’s disc is first obscured, 
and the eastern side is the part last relieved from tlio body of the 
moon. 

A 

It is of importance in a projection to k;;ow the position of the line 
which would represent on the disc of the body to be eclipsed, the 
apparent direction of the ecliptic, or the direction in wliich the sun 
is moving. 

This direction is fixed with reference lo the place of an observer, 
by means of the rectified or true Vahma deduced in rule (25), 
Chapter IV. 

The circle in which the Valanais to be marked is tiius described : 

Rule (2). “Having marked at first a point on the (cluinam) 
floor, levelled with w^ater, describe on the point as centre, a circle 
with radius equal to 41) digits,” 

The scale of projection is thus the same as that of the Gnomon, of 
12 angulas or digits, in which the shadows cast by rays from the sun 
and moon, and the fainter rays from the other celestial bodies were 
estimated. 
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The radius assumed in the iirst circle is a little over four tiiut‘S the 
ordinary Gnoinoii, ol 1 2 digits. Tt is cenne(;te(l with the hypothetical 
Hindu radius d,438 minutes of arc, hy supposing ilie two radii to be 
equal; consequently, tlie digit adopted would b(^ equal to nearly 
minutes of arc, of tlu‘ same circle. It was assuui(*d to bo 70 
integral minutes. 

The elements ol an erlij)se such as the moon’s latitude, dianu^ter, 
tJu^ Valana, eclipsed parts, ^^'c., wdiich were ex[»ressed in minutes of 
arc, wtT(‘ reduced and converted into digits, when desirable, by simply 
dividing the minutes ly 70. 

But angulas or digits are of uncertain magnitude, tliey are of 
various dimensions in different books. 

If we assume, tlie ordinary digit have been about three quarters 
of an inch, the radius of the iirst circle would have been about 37 
inches. 

Kule (3) directs a second circle to he described on the same centre 
with a radius equal to half the sum of the coverer and tim covered 
and also a third circle with airudius equal to tlie semi-diameter of 
that which is to be covered* 

In a lunar eclipse, the coverer is the earth’s shadow, tlie diameter 
at a mean distance of the moon subtending- an anule, estimated at 
about 82 minutes, and the body to be covered, th(^ moon, the 
diameter of whose disc at the mean distance was estimated to 
subtend an angle of about 32 minutes, or 

== 57' 

and =16’ 

Thus, if the radii were taken on the same scale with the radius 
of the iirst circle, tlie radius of the second circle, would have been only 
*6 of an inch and that of the third about ^ of a digit or of an inch. 

It is therefore obvious that for practical purposes the radii of the 
second and third circles must have been drawn on a different scale 
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from that of the first, and that the first circle was merely used for 
laying down the angle of the Valana, or the angle which the 
direction of the ecliptic made with the east and west line of the 
projection. 

The description of tlie method of projection in general terms, 
must necessarily he defective ; for projection cannot dispense with 
computations and these imply numerical data for the day on which 
an eclipse is expected to take place. 

For exam])le, the longitudes of the sun, the moon and moon’s 
nodes, and their true daily motions have to be ascertained for the 
time, the latitudes of the moon for the computed times of the 
beginning, middle and end of the eclipse, quantities which change in 
value and position by the pro^lfess of the moon in which it may 
cross the ecliptic during the obscuration. 


If the three dark lined circles in the adjoined figure be supposed 
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to represent those projected in accordance with rules (2) and (3) 
having M as a common centre, which is here assumed to be the 
centre of the moon, whose disc is represented by tlic third circle. 

N S and E W are drawn as north and south and c-asl and west lines, 
as mentioned in beginning of the third cliapter. 

Then, two lines M V and M V' are drawn, making angles E 1V[ V 
and W M V' equal to the computed angle named the rectitied 
Valana. These lines represent the position of the ecliptic at the 
beginning and end of the eclipse. Here they intersect tlie second 
circle in the two points V and V'. 

The moon's latitude is to be found for the computed beginning of 
the eclipse, or tirst contact of the moon’s disc with the earth’s 
shadow, and a per])endicnlar L V is tv, he drawn from L in the second 
circle e(pial to the minutes of arc in the sine of the* moon’s latitude. 

If now from L as a centre with a radius equal to the minutes in 
the semi-diameter of tlie earth's shadow a circle be described, it will 
touch the third circle on the moon’s disc in some point G' wliich will 
be the point of first contact, i i in like manner for the computed 
end of the eclipse, the moon’s latitude again be found, and laid by 
means of the minutes in its sine, as a perpendicular L'.Y' from L in 
the second circle, then from L’ as a centre with a radius e(pial to the 
seini-diarneter of the earth's shadow, if a circle he described it will 
touch the circle representing the moon’s disc in some point (’/, which 
will be the point of last contact, at the end of the eclipse. 

For the middle of the eclipse at the time of the opposition, the 
Valana is to be marked from near one of the ends of tlie north and 
south line ; there is considerable obscurity in the directions for 
di^awing the line making an angle with N S cciiial to the Valana. 
This line when its position has been correctly drawn, is here represent imI 
by H M and supposed to be at right angles to the position ot the 
ecliptic at the instant of the full moon. The moon’s latitude is found 
and laid upon this line (as I M suppose), then 1, a point on the 
ecliptic, will be the place of the earth’s shadow at the time ; and if 
T 
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from this point as a c(m<rc a circle be described with a radius equal 
to the semi-diameter of the earth’s sliadow, the part of the moon’s 
disc coveroJ by it will be tlie eeli])sed part which may be partial or 
total 

If the moon’s disc ])e conceived to be fixed in the projectioiij 
the relative i)ath of the (‘aith’s shadow is found by describing the ai*c 
of a circh' through tiu‘ three points L I L' here understood to be 
projected points on the ecliptic, and by assuming any other 
intermediate point of this arc as a centre, <and the semi-diameter of 
tlie shadow as a radius, tlie circle that would be described would cover 
a jjortion of the mooirs disc, wliich would represent the magnitude of 
tlie eclipsed part corresponding to that point in the progress of 
the eclipse. w 

In a total lunar eclipse, the point of the moon’s disc at which the 
total darkness begins is to be found by drawing a line from the 

common centre M, of a length equal to half the difference of the 

D— d 

diameter of the eartli’s shadow of the moon or — - — so that its 

end shall fall upon the path I L' ol' ti e centre of the shadow at 
some point g, this line when produced backwards will meet the 

moon’s disc at a point (i, at which total darkness begins. 

1)— d 

A similar line equal to — - — drawn from M to fall upon the path 

of the shadow's centre at some point « towards the end of the eclipse 
when produced backwards will find on the moon’s disc some point / 
at which total darkness ends. 

The method of projecting a lunar eclipse is adopted, with some 
variations, in the projections of a solar eclipse \ the computations 
being for the apparent places of the sun and the moon, with the 
parallax applied to them, at times near the conjunction, on the day 
when a solar eclipse is expected to take place. 

In this case tlie arc L I L' in Jhe figure, with necessary changes 
in ])osition, etc., would represent the relative path of the moon’s 
centre, the sun’s disc being then considered to be fixed, at the 
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centre of projection, with its radius, that of the third circle of 
rule (3). The radius of tlie second circle would also be changeil, the 
moon^s disc taking the place of the earth's shadow, as the coverer, 
the radius of the second circle of the ])rojectioii would i)e lialf the 
sum of the diameter of the discs of the sun and the moon. 



CHAPTER Vll. 


ON CONJUNCTIONS OK THK PLANETS CALLED UDAHA-YUTI. 

Chapter VII. deals with conjunctions of the planets, which are 
called their fight, or association with each other, according to the 
degree of light which they emit. 

Rule (2) refers to cases in which the times of conjunction may be 
past or future, in which the planet having the greater velocity may 
be in advance or behind the other ; when the planets are moving 
eastward with a direct motion, or when one or both are moving with 
a retrograde motion. 

Rules (3 and 4). A time is assumed, sufficiently near the con- 
junction, which each of two planets, for short intervals may be 
considered to be moving uniformly' 

Let and be the longitudes of iwe planets A and B, whose 
latitudes are nearly the same at a given time, and whose daily motions 
at that time are and respectively, of which is greater 
than nig ; in the case in which the motions of both are direct) 

C B A and the interval required is d in days, or fractions of 

a day, the required longitude of conjunction being L 
Rule (6). Then 

(^3 ma 

—mg m, —mg 

are called the changes of the planets which are to be added to the 
given longitudes if the conjunction is future, in which case 
Rule (6) I ^ I Ga or 1. tg 

m^— mg “ m^— mi*— mg 

and the interval between the givenTime and the time of conjunction 
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Eiile (7). Next, when the difference in latitude between the two 
planets is too great to be neglected. 

The lengths of day and tiiglit of the places of the planets are to be 
found at the time of conjnnctaon, then* latitudes also in minutes, and 
their times from noon, and that for the vising and setting of each 
planet with the horoscope are to be computed. 

A correction, called Drikkarma, is also ixaiuisite to l)e applied to the 
longitude of a planet for finding the point of the ecliptic (the hdaya 
Lagna) which rises simultaneously with a planet. 

This correction consists of two parts, on(‘ called the Ayana and the 
other the Aksha Drikkarma. 

These parts are differently estimated in different books. In the 
Surya Siddhanta to find the Aksha-Srikkanna we are told to— 

Rule (8), Multiply the latitude of the planet, by the equinoctial 
sliadow and divide the product by 12; the (quantity obtained l)eing 
multiplied by the time in Ghatikas from noon of the planet’s phfve 
and divided by half the length oqbe day of the planets place gives 
the correction called the Akshll’^ 

Rule (9). This correction is to be subtracted from the planet’s 
place when east of the meridian, and the latitude of the planet is 
north ; but it is to be added to the place when the latitude is south. 

To find the correction called Ayana we are told to - 

Rule (10). ‘‘ Add 3 signs to the planet’s place and find the 

declination from the sum. Then the number of minutes contained 
in the planet’s latitude multiplied by the number of degrees con- 
tained in the declination gives in seconds the correction (called the 
Ayana-Drikkarma).” 

Rule (11). The Ayana collection is to be added to or subtracted 
from the planet’s place, according as the declination and the planet’s 
latitude are of the same or different names. 

The rules by which these two corrections were made would seem 
to have undergone considerable change from the original form in 
which they were constructed, Bhaskara, in the Siddhanta Siromani 
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following Brahmegupta, gives rules for finding the difference in the 
times of rising of a planet and of the corresponding point of the 
ecliptic which determines the longitude of the planet » 

This difterence, as an entire correction in time, is found from two 
horary angles to whi(*h the names Ayana and Akslia Drikkarma 
corrections are given. Jf these angles be denoted by ^ and 0 re- 
spectively; and the latitude of the planet by the latitude called 
the Spashta Sara (the rectified latitude) by and the latitude of the 
observer's place be /, <l being put for declination of the planet ; then 
Bhaskara’s rules give for t lie computation of t he Drikkarma correction 

Sin ^ X sine Ayana Valana 

cos a 

Sin 0 ^ ~ -7 xsine Aksha Valana. 

cos a cos 6 

Tn whi<di are to be substituted the sines of the two Valanas which 
h ave been already given in the descTi])tion of them in Chapter IV. 


M Z 
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EXPLANATION* 

The nature of these corrections may be explained as follows — 

Let the above figure represent a projection of circles of llu' Hast era 
Hemisphere on the Aleridiaii of the place, Z the zenith, H E N the 
horizon, P its north point, 1> E F the equinoctial, E its ('a^t point, 
and P its pole, C 0 C‘ the ecliptic*, and K its ]>o1p. S a- planet or 
star, M S Q AP the diurnal circle through S, K S O tlio circle 
of latitude passing through 8 and incMding tlie (‘cli[)tic in t he ])oint 0, 
Tlierefore, 0 will be the ])oint of tlie ecliptic, winch d(*tt*rinines tlu* 
longitude of the planet at Sj and O fi will be its latitude* {\), 

As represent(Hl in the figure, () is sup{»osed to he in tln^ horizon at 
a time after the rising of the planet through the arc Q 8 of the 
diurnal circle. 


At this moment if great circles be supposed to be drawn from the 
pole V of the equinoctial, to pass through the tliree ])oinis S, 0 
and ti, then the angle PON becomes the Aksha. Valana.^ and 
K 0 P becomes ilie Ayana Yalana, and the sum or diffcTcmce of tlu*so 
angles according to the posit^oii\f the planet H (here taken as a 
sum), is the true Yalana. 

Now tlie time taken by the planet from tlie point Q to H of its 
diurnal circle is tlie horary angle (J P 8 expressed in time. 

This angle consists of the two parts, 8 P 0 and () P Q, which 
have been here denoted by e and <P respectively. And in the 

1 * 1 .* 1 o -n 1 sin S P 0 sin S () 

spherical triangle S P 0 we have p 


But 0 S is the latitude of the planet = S P is its co-dec. — 
90 — d and the angle S 0 P is the Ayana Yalana. 

sin 0 = , X sin Ayana Valana. (1) 

COS a 

Also in the triangle S O Q we, have, approximately 

^ ^ in which O R is called the rectified latitud(j 

sin O R sin R Q 0 

0 Q R is nearly equal to the angle H E T) or = 9(F I and R 0 Q is 
the Aksha Yalana, hence 



300 


Hindu Astronomy. 


Siij Q E = X sin Aksha Valana (2) 

cos 6 

The are of the equinoctial which corresponds to the arc Q E of the 
diurnal circle, and which measures the angle () V Q or 1^, is, found from 


o- A K- sin Q E 

hin arc 0 = ^ — 

cos a 

Siihstituting sin Q E. from (2) in (3) wc have 

)Sin fp :=z - X sin Aksha Valana 

cos t cos a 


( 3 ) 

( 4 ) 


The angles or ares and computed from (1) and (4.), and expressed 
in time, by Asus reckoned each at one sixth of a sidereal minute, are 
the same as those given by the rules of Bliascara for finding the 
difference in time between the rising of a i>lanet and the rising of 
the corresponding point of the ^(ijiptic. 

Eu]e(ll) 'riu' Drikkarrna correction is applied to tno time of 
conjunction also of a planet with a star, of which the difference in 
latitude is too great to be neglected, also Alien finding the phases 
of tlie moon. f 

(12) It is likewise applied to thC (^>se of two ])lanois, whose 
eommon longitude and apparent time of conjunction are determined 
by rule (6) of this chapter. 

Enle (13) states the apparent diameters of the five planets Mars, 
Saturn, Mercury, Jupiter and Venus, to be respectively in Yojanas 
30, 374 , 45, 52-^ and 60. 

(14) These magnitudes when reduced liy rule 14, give their 
apparent diameters in arc of a great circle, 2-, 2^^ 3', and 4'. 

Rule (15) Gives directions by which an observation may be made 
on a bright planet, or star, as shown by its reflection in a mirror. 

We are told to fix a gnomon on a levelled floor, and to mark the 
shadow which it casts on the floor, a mirror is tq be placed at the 
marked extremity of the shadow : ^ Then the planet will be seen 
(in the mirror) in the direction passing through the end of the 
shadow and the reflected end of the gnomon.’^ 
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Kiiles (IG), (17) give mi iniperfcct description of the method of 
observing the two })lanc*ts as seen at a conjunction. 

Two styles are to be erected in a line in the north and south 
direction, eacli of hve cubits in length with a. cu})it l)uri(Hl in the 
ground at a distance e(jual to that of the two [)]ane(s reduced to 
digits; the shadows are to b"^ drawn from the bottoms of the styles, 
and lines drawn from the ends of the shadows to those of the styles : 
then the astronomer may show the planets in th(» lines, thus tlie 
planets will be. seen in the hea\en.s at the end of the styles.** 

The remaining verses from the 18th have reference^ to the various 
names given to the associations and tights of the planots, the kinds of 
lights, distinguishing which is the coinjueror and which is con(|uered, 
etc., and in the last verse it is r/sui^arked that the associations and 
lights of the planets ••are indy imaginary, intended to foretell the 
good and evil fortune of people, since the j)lanets being dislant from 
each other move in their own separate orbit 



CHAPTER Vlll. 


ON THE CONJUNCTION OF PLANETS WITH STARS. 

The chief object in Chapter Vlll. is to find the apparent longi- 
tudes and latitudes of the principal stars of the 27 Astcrisms or 
Nacsliat rns, into which the Hindu Ecliptic is divided, nt^ar wldcli 
the planets may pass in their course through tlicir respective orbits. 

The apparent longitude of the principal star, or Yogatara, of an 
Asteiisni is not determined at once by the signs, degrees, minutes, 
etc., reckoned from the origin of the Ecdiptic, but by the number of 
minutes of arcbetw’oeii tbe beginning, or first point of the As'terism, 
and the point of intersection of the E(di])tic, w’itli a declination circle 
])assing through the star; this arc is called the Bhoga of the 
Asterism, and the apparent longitude of the principal star is then 
huind by adding the number of niifutc^ in this arc to the longitude 
of the beginning of the Asterism. €■' 

The Bhoga is, therefore, only an apparent difference of longitude. 

The Bhogas of all the 27 Asterisnis are given with some differ- 
ences in different Siddhantas; they are expressed by the number 
of minutes contained in them. 

The apparent latitude of a star in Hindu astronomy is the are 
of a declination circle measured from the star to the point of inter- 
section of this circle with the Ecliptic. 

As the apparent longitudes and latitudes of all the principal stars 
of the 27 Asterisms have been alieady fully given in the first part, 
as also of four other stars mentioned in this chapter, it is unnecessary 
to repeat them here. 



CHAPTER rX. 


ON TIIK HELIACAL RfSING AND SETTlN(i OK THE PLANETS AND STARS. 

The Cliapter l)egiiis by distini^nisliing botw(‘en the rising and 
sotting of Mercury and Vcuius (whicli are ra^vor very distant from 
tip' sun), from the rising atid s<‘tting of the throe ])laTiets, Mars, 
Ju])iter !ind Saturn, wlioso longitudes may differ from that of the 
sun hy ns nui<‘h as a somi-oirelo. 

Rule (4). To find tlie time at whieli a planet rises or sets heliaeally 
a day near the rocpiired time is ch^osen, and the true longitudes of 
the sun and the planet are to be foiund for this day. 

Tlic Drikkarrna correction, as inoTitioned in Chapter VII., is then 
to 1)0 computed and applied to the place of the planet. 

It has b(»en before remarked that the difP(‘renoe in tiine between 
the rising of a ])lanet and ^lo rising of the corresponding point of 
the Eohplio, >\luoh deteAines the longitude of tlie planet, is called 
the Orilckarma when expressed in time. 

(5) The time in pranas heUveeu the rising of the point of the 
Ecliptic (•on(‘sponding to the planet’s plac^e and the place of the sun 
is then to he found hy rule 49, Chapter Til. 

This time in ] pranas, divided by Gfh gives wliat is (*al]ed the 
Kalansas, or time turned into degrees, at \vhi(*b, before sunrise, a 
body rises heliaeally. 

(C) The Kalansas for Mars, Jupiter, and Saturn are stated to be 
11, 15 and 17 degrees of time res])ectivelv. 

(7-8) When the motion of Venus or Mercury is retrograde, Venus 
is stated to rise or set heliaeally by 8 degrees (of time) and Mercury 
by 12 degrees. But when the motion is direct, Venus rises or sets 
heliaeally with 10 degrees (of time) and Mercury by 14. 

(9) When the Kalansas of a planet found by the rule 5 are 
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greatex’ tluui the numerical Kalansas iiientioiied above, the planet 
becomes visible, but it is invisible wlien the computed Kalansas are 
loss. 

(10) ‘‘Find the dihereiice, in minutes, between the Kalansas {i.e., 
Kalansas found from the ])iaee of the planet at the given time, and 
those which are the ])lanet’s own above mentioned) ; and divide it 
by the difterence of the daily motions of the sun and the planet ; 
tlH‘ (juantity obtained is the interval in days (Cxliatikas, etc.) between 
tlie given time laul that of the heliacal rising or setting. This 
luiids when the planet is direct, bnt when it is retrograde, take the 
sui.i of iln* daily motions of the sun and the planet for the difference 
of the diurnal motions, 

(11) The daily motions of tl^ 4 .smi and tlu‘ jdanet, mnltijdied by 
the numlHT of pranas contained in tlu^ rising periods of the signs 
occu])ied by the snn and the planet, and divided by i,800, become 
tlitt motions in time. 

‘‘From these inotiims (turned into time) find the past or future 
days, ghaticas, etc., from the given tii^e to the time of the heliacal 
rising or setting of the planet.*’ 

In verses (12) to (15j tlie Niuiierical Kalansas of the jirincipal 
stars of the 27 Aslerisins are specified. 

By rule (17) the Drikkarma is applied to their longitudes and 
through them the days past or future from the given time to the 
time of heliacal rising is found by means of the daily motion of the 
sum 

(18) Gives the names of a few stars which never set heliacalJy, as 
« Lyra, Capella, Arcturus, « Aquilse, « Andromedse, « Delphini. 



OILAPTEK X. 


ON THR PHASKS OF THE MOON AND TflE POSITION OF THE MOON’s CUSPS. 

The moon when rising or setting heliacally becomes visible in tiie 
western horizon according to the rules before mentioned ; she is stated 
to become visible by 12" of time, and by the same numbcn’ of degrees 
she becomes invisible in the eastern horizon. 

On a day wlien the moon does not rise oi* set heliacally, the ruh‘ 
for setting on a given day in the light half of the Lunar month is 

(2) Find (for sunset of that, day) the true pkc(\s of the suu and 
moon, and ap|)ly the twx> ]>ortion.s of the Drikkarma to the moon’s 
place. 

“ From those places ‘with 18(F added ’find the time in jiranas (as 
directtnl in rule 5, (diapter IX.). At these pranas after sunset the 
moon will set,” 

The daily rising of tb'!!^ moon after the full re(|uires a diftereiit 
rule, 

(3) “ Find the true places of the suu and moon at sunset and add 
180^ to the sun’s place (and apply the two portions of the Drikkarma 
to the moon’s place) ; from these places {Le,, the sun’s phu'e with 
six signs added and the moon's place with the Drikkarma applied), 
find the time in pranas (as before directed rule (5), Chapter IX,) 
At this time in pranas after sunset the moon will rise.” 

The next four rules of the Chapter have reference (o calculations 
necessary for the purpose of laying down lines, &c., which are used 
in the projection of the moon s phase on the given day, as s(d* forth 
in rule (8)* 

(4) “ Find the difference of the sine of declinations of the sun 
and the moon when they are of the same name {i.e. on the same side 
of the equinoctial), otherwise find the sum, to this result give the 
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name of the same dii'ection south or north at which the moon is 
from the sun, 

(5) Multiply the result by the hypotenuse of the gnoinonic 
shadow of the moon (as found in (Unipter III.)? find the difference 
between the product and twelve times the equinoctial shadow if the 
result be north, if it be south find the sum of them/’ 

(6) The amount thus found divided by the sine of co-latitude of 
the place gives the Jiahu or tlie base (of a right angleil triangle) ; 
this is of the samemame of which the amount is. 

And the sine of the moon’s altitude is the Koti (or perpendicular 
of the triangle). The square root of the sum of the squares of the 
Bahu and Koti is the hypotenuse (of the triangle). 

To give these rules a modern let I) and d respectively be the 
declinations of the sun and moon; s the shadow of a style of 12 
digits cast by rays of the moon ; h the corresponding hypotenuse of 
the moon’s shadow = “ the moon’s altitude at the time. 


Then Bahu 


(sin sin d) h q- 12 p 
latitude 


cosm 

sin « » ^ 

Hypotenuse =: V Baliu" + Koti- 


Koti 


(A) 


(7) “ Subtract the sun’s place from that of the moon. The minutes 
in the remainder divided by 900 give the illuminated part of the 
moon. This i)art multiplied by the moon’s disc (in minutes) and 
divided by 12 becomes the Bphuta, or rectified illuminated part/’ 

If L and i be taken to denote the longitudes respectively of the 
sun and the moon 


/i I I p ^ IP 

The Sphuta = X X moon’s disc (B) 


(8) To project the phase of the moon (on a board or levelled 
floor), having marked a point representing the sun, draw from that 
point a line equal to the Bahu, in the same direction in which the 
Bahu is, and from the end of the iBahu a line (perpendicular to it 
equal to the Koti to the west, and draw the hypotenuse between the 
end of the Koti and the point (denoting the sun). 
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(9) “About the i)oint where the Koti and <he hypotenuse meet 
describe tlie disc of the moon.” 

Tn this disc suppose tlie directions (east and west) tlirough the line 
of the hypotenuse. 

To represent the projection thus described, assume a point S and a 
horizontal line S N, in which S N = computed value of Bahu (A), 
and N M perpendicular to N 8 = Koti, sine of moon’s altitude join 
M S. At M a circle is described representing the moon’s disc 
meeting the hypotenuse iM S in e and the east and west points, a 
line at right angles to M S through M will cut the disc, in tlie points 
n and s, the north and south points. 

The solar rays in tiu? iliiecthm 8 M will illuminate the hemis]>liere 
M n e .s, which is tinned losvards “’“c sun, and if e obe the part of 



the hypotenuse called the Sphuta, and nos be the arc of a circle 
passing through the three points o and a, then the crescent or 
line nose will be the illuminated part seen from the earth. 

The direction of the horns of the crescent is marked by the line 
n s through their extremities, and the inclination of this line to the 
horizontal direction is the angle Mr; it is equal to the angle 
S M N, which the hypotenuse 8 M makes with the perpendicular 
N M. 

It may be observed that in the projection of solar and lunar 
eclipses, and of the phases of the moon when straight lines are 
referred to, such as sines, cosines, diameters of discs of the sun and 
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the moon, etc., they are estimated in minutes of arc of any circle, 
which is assumed as the foundation of the scale of projection ; the 
circumference always consisting of 21,600 iniuutes of arc, of which 
the radius is 3,438 minutes, and the digit is 70 minutes. . 



CHAPTER XL 


ASTROLOGICAL INTERPRETATIONS. 

Treats of rules for finding the times at which the declinations of the 
sun and moon are equal, and the purposes of the Cliapter are purely 
astrological in character. 

A fire called Pata is supposed to be produced by a mixture of the 
solar and lunar rays in (piantities, and burnt by the air called 

Pravahu. i| 

The Pata is personified us a horriuie monster, black in colour, hard 
bodied, red eyed, and gorbelUed, of a nutUgnant nature, producing 
evil to mankind, and destroying the people. 

It occurs fre(|uently when t lie declinations of the sun and moon 
become equal. 

First : When both {?()dief^^r#on the same side of the equator, and 
the sum of their longitudes is equal to 12 signs or 360"'. 

Secondly : When they are on opposite sides of the equator and 
the sum of their longitudes is 6 signs or 180 '. 

Rules are given for the times when these occurrences take place, 
indicating when they are in the past or in the future ; wliether they 
happen befoi’e or after midnight ; their duration from the beginning 
to the end is a horrible interval, during the continuance of whicii all 
rites are prohibited ; and it is of advantage to know these times, for 
virtuous acts, for purposes of bathing, almsgiving, prayers, funeral 
ceremonies, religious obligations, burnt offerings, etc. 

In addition to the above, there are other frightful periods, when all 
joyful acts are prohibited ; the Vyatipas, Bhasandhis and Gandantas. 

If, when the minutes contained in the sum of the longitudes of the 
sun and the moon are divided by 800 (i.e., the minutes in 13^ 20', the 
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extent- of a NHCsliaini), tlu* ({uolient should be between the numbers 
10 and 17, the Pata occurs called Vyati-Pata. 

Again, the last quarters of the three Nacshatras, Asleslia, Jyestlia 
and Aswini, are called the Biiasandhis. 

And the first ([uarters of each of tlie three Nacshatras following, 
namely, Magha, Mula and Aswini, are called tlie Gandantas. 



cnAPTp:R xij. 


ON COSMOGRAPIIICAL TilEOJUKS OF THE HINDUS. 

From verses (1) to (9) a seru'S of (j nest ions are proposeil about 
the earth, its magnitude, its form and divisions. Tlie situation of 
the seven Patala lihumis or imaginarv lower regions of the (»arth, 

(iiiostions also regarding th(3 sun's revolutions, the eauses of day 
and night of the Gods, the Demons and the Pitris. On the order of 
the stars, and planets, the position of their orbits witli res])fict to each 
other in the Universe, etc*, wlxidi arc answered in subsequent verses. 

The verses from (10) to (3'i) <• {o im]>ercept,iblo agcmcies of 

creation, but it is not in f he plan ol tl\i - work, To describe tlie Meta- 
pliysieal theories of tht Uii^dtis. n'garding the creation of the 
Universe which may be lound biyine Vedas the Ihiranas and other 
works, Nor will it be liecessary ho dwell on the peculiar Geographical 
theories detailed in verstvs \oru ( !?^oiue of wliioli are 
purely figments of the inl^giiiutjoin ^^tid of Uio remainder the more 
important ))artH have been already sutlicieutly discussed in foregoing 
Chapters. 

Verses from {65) to (74) have reference princi])ally to day ami niglit 
at difierent places on the earth easily deducible from a knowledge of 
the circles of tlie sphere, and the apparent motions of tin* sun and 
moon. Such as the day and night at places on the equator, at the 
tropics, and at the poles. 

The increase or decrease to day or night caused by the varying 
positions of the sun in an oblique sphere at places within the tro[)ics. 

Places on the earth at which some signs are always visible and 
others always invisible. 

At the poles the sun is above the horizon for half the year, and 
invisible for the remaining half, and at a pole tlie direction of the 
Glnomonic shadow points always from the pole. 

V 2 
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To a person proceeding northward the altitude of the pole increases 
with the latitude of the place. 

The starry sphere is said to revolve constantly through the influence 
of the Pravaha winds, as also do the jdanets confined within their 
respective orbits. 

The Pitris, situated in the upper part of the moon, behold the sun 
throughout a fortnight. 

ON THE BKAHM-ANDA. 

The Brahm-Anda or the golden egg of Brahma is the vast hollow 
sphere of the universe at the centre of which is the earth. And 
within it all the stars are supposed to revolve daily ; beneath them 
are the orbits of the planets Saturn, Jupitei', Mars, the Sun, Venus, 
Mercury, and the Moon, in thjj|^j>rder of their distances from the 
centre. 

The orbit of the Moon which is the smallest, is estimated to have 
a circumference equal to 324,000 yojanas, which as a mean is a fairly 



good approximation to the true circumference. It was deduced 
from its mean daily motion of 790^ minutes of arc, thus, in the figure 
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Let E be the centre of the earth A H Gr, and B 0 D a portion oi 
the moon’s orbit. 

Also let A D and E C represent the sensible and rational horizons 
of an observer at A. 

Then C T> will be approximately e<|iial to E A, the radius of the 

earth, which is reckoned in the Surya Siddhanta to be 800 yojanas. 

Again, the moon’s horizontal })arallax A D E, or D E (h is estimated 

by the Hindus to be 52' 42" of arc, and 

The moon’s daily motion in Yojanas _ Daily motion in minutes 
^jjj^pYojanas C D in minutes 

Daily motion in Yojanas - 

rtdii 

Therefore, the moon’s daily irudiuji. in her orbit =12,000 Yojanas. 

But rei^koning the sidt*real peri«id th<* m<-on, or the time of her 
revolution round the earl h to be 27 dayr, ib.e circumference of the 
circle of the moon’s orhir w(»uld bo 27Xl^*G00 = 324,000 Yojanas, 
And this formed the foundation for lindiiig the circumferences of 
the other planets by the which was accepted by all 

astronomers before the titk'. of K.ep||\^, bv which it was assumed that 
the planets moved each in its own orbit with the same velocity of all 
the others, the differences in their sidereal periods being accounted 
for by the greater circumferences to traversed by tlio more distant 
planets than by those whicli Avere neai’er. 

In the Hindu astronomy, as in the case of the moon, every planet 
was supposed to traverse nearly 12,000 Yojanas of its orbit daily, 
one-fifteenth of this being the semi-diameter of the earth, and one- 
fifteenth of the daily motion in arc being the planet’s horizontal 
parallax. 

Tte circumference of a circle, called the middle circle of the starry 
sphere, which is supposed to revolve about all the planets, is found 
by multiplying the sun s orbit in Yojanas by 60 

= 4,331,600x60 
= 269,890,000. 
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The circimiferonce of tlic spliero of the Bralira-Anda to which the 
solar rays extend, is declared to be equal to the product of the moon’s 
revolutions in a Kalpa (d7,7o3,83r),000) by tbe circumference of the 
moon’s orbit (324.000). 


The dimensions of the orbits 

of the plaTiets, etc., have 

been 

arranged as given in this chapter in 

tlie following order — 


The Moon . . 

324,000 Yojanas. 

The 8ighroch(4ia (apogee) of Atercury 

1,043,209 

j? 

Wighroebclia ,, of Venus 

2,004,637 


Sun, i\Icrcury and Venus . , 

4,331,500 


Mars 

8,146,909 

15 

Ju[)iter 

51,375,704 

J> 

Saturn 

127,008,255 

55 

Sphere of the stars (circumference) 

259,890,012 

55 

Sphere of the Brah Mandee(circ.). . 

18,71 2,080,804,000,000 

55 

The Moon’s Apogee . , , , 

88,328,484 

55 

The Moon's ascending Node , . 

80,572,864 

55 



(MIAPTEK XIII. 


THE OONSTIil'CrriON of the armillary SPIIEKE AND OTHER 
INKFRUMENTS. 

At the ]) 0 ^ 4 'inning of this Chapter from verses (3) to (12), direct ions 
arc given for the construction of a Gohiyantra or ArmiLlary Sphere. 

A wooden terrestrial glolx'. is prepared for its centre, having an 
axis projecting to two supporting circles, representing the equinoctial 
and solstitial cokires. 

» 

To the supporting circles is fixed a circle i*e presenting the 
equinoctial, and parallel to it smail ('ircles are airangc'd tlirough the 
ends of Aries, Taurus and (icmutf in Cie irortliern hemisphere and 
tlirough the ends of t dhra. «;f Ih*- Miuthcrn, serving as diurnal 
circles of the 12 signs. 

Similar small diurna,] Kjrcle^ are hxed t«^ the su])portiug circles for 
some of the principal Uavs,^ ;js^tor Abhijit (« Lyra), tlie Kishis or 
sev^en saints (stars of %rsa^ ^lajoA, Agastya (Canopus), Brahma 
(Auriga), etc. 

Tile position of the two solsti(‘es are to be marked on one of the 
supporting circles at the distance of the sun^s greatest northern and 
southern declinations. 

On the other supporting circle the positions ot the two equinoxes 
are to be marked at the intersecton of it with the ec^uinoctial. 

Strings are to be stretched joining the equinox with each of the 
signs at every arc of as if it were intended to show the plane 
of the ecliptic. 

And the ecliptic itself is to be formed by a circle passing from 
solstice to solstice. 

These hints, are nearly all that can be gathered regarding the 
construction of the avmillary sphere, as describ^xl in the Surya 
Siddhanta. 
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In the Surya Siddhantn several instruments are mentioned for 
measuring time. 

A self-revolving sphere is to be made with its axis directed to the 
poles. The lower part of it is to be covered by wax cloth, and it is 
to be made to rot ate by the force of a current of w^ater for the know'- 
ledge of the passage of time. 

Other self-acting instruments are to be made, but tlie method of 
construction is to be ke])t secret. The application of some of the 
methods is said to be difficult of attainment. 

A wheel with hollow’ spokes half tilled with mercury, or water, or 
a mixture of oil and water. 

The hour is to be known also from the instruction of the teacher 
by means of the Gnomon, the staff and circle in various ways, and l)y 
mercury and sand. 

Or the hoxir is to be known by the Kapala \’'antra or Clepsydra. 
It is ‘‘ a copper vessel, shaped as the lower half of a wafer jar ; it has 
a hole in its bottom, and being placed upon clean water in a basin 
sinks exactly 60 times in a Nycther^roj).” 



CHAPTER XTV. 


VAKIOUH KINDS OF TIME. 

In Ibis Chapter are described the nine kinds of tinu‘ (‘ailed INIanas, 
which are named the Brahma, the Divya, the Pitrya, the Prajapaii, 
and those tliat relate to this world, the Surya or Solar, the Lunar, 
th(^ Sidereal, the Terrestrial, and that of Jupiter for knowing the 
Sainvatsaras. 

The Solar INTana is limt by which are d(‘t(‘rminc(l the hnigths of 
day and night, the Sha'Disil i-Mukho''. tl^e polsfitial and eqnino(*l ial 
times and the holy days S ' i “U \v[ii(‘h good «‘ietions bring 

good desert t-o the perfornun-. 

Verses from ('4) to t(>| relaieto a. peculiar division of time consisting 
of successive periods of sohn‘ days beginning from the time when 
tlie sun enters the sign of Lib^; Cm- 80tti day of each period is 
calh^d Shadasiti-aMid<ha, ,‘^dltunv :$re four such days in the year, 
the first happens when the sniii i^ at 2(5' o‘ Sagittarius, the second 
when he reaches 22'^ Pisces, the third when he is at 18^ (xemini, and 
ibe fourth at 14"^ Virgo. The remaining 10 Saura days or degrees ol 
the Saura month, when the snn is in Virgo are sacred, good actions 
performed in those days confer great merit, equal to that of a sacritico, 
a gift then in honour of deceased ancestors is imperishable. 

Verse (7) refers to the equinoxes as being diametrically opposil e in 
the middle of the starry sphere ; so are the two solstices. 

f8.) The beginnings of the four signs Taurus, Leo, Scorpio and 
Aquarius, are called Visbnu-padi or feet of Vishnu. 

The sun’s progress northward from his entrance into Capricorn 
through six signs is called the Uttar-Ayana or northing, and from 
the entrance into Cancer the progress is called Dakshin-Ayana, or 
the southing of the sun. 
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10. From the winter solstice, the periods durinj:^ which the sun 
remains in two signs arc the seasons named successively- - 
1. Sisira (very cold). 2. Vasania- (spring). 

3. Grishina (hot). 4. Vavsha (rainy). 

5. vSvvat (autumn). G. llemanta (cold). 

The holy time called Sankranii or 11 h‘ time of the sun's entering a 
sign, determines the (Saura) Holar or Sidereal montli, during which 
the sun passers through each arc of 3(h from the beginning of one 
sign to that of the next. 

Therefore, Saura or solar months, each consisting of 30 Sanradays 
or degrees, are of nne(|iml lengtli reckoned in mean solar days on 
account of the nne(|ual motion of the sun in the e(diptic, but the 
aggregate is equal to the siderni^^^'ar, which in the Siirya Siddhanta 
is reckoned to be 365 days 6 liours 12 minutes 3G*5G seconds, and 
the mean Sanra, or solar month, would therefore be 30 <lays 10 hours 
31 minutes 3*5 seconds. 

The Saura month of greatest |pnglh ivS Asluidha, consisting of 
31 days 14 hours 39 minutes 7 secon^k ; and ilie least is ikiuslia, 
which is 29 days 8 liours 21 miiuites 7 seconds. 

The lunar months are namfMl from the Nac^sbatras, in whicli the 
moon happens to be on the 15th day of sucli months. 

The first lunar month is Chaitra from the Naeshatra (hitra; the 
second is Vaisakha from Yisakha ; the t bird, Jyeshtlia, from Jyesl jtha ; 
the. fourth, Ashadha, from Purvashadlni ; the fifth, Sravana, from 
Sravana ; the sixt li, Bhadrapada, from Purva Bhadrapada ; the seventh, 
Aswina, from Aswini ; the eighth, Kartika, from Krittika; the ninth, 
Margasirsha, from Mrigasirsha; the tenth, Pausha, from Pushya; 
the eleventh, Magha, from Magha ; and the twelfth, Phalguna^ from 
Purva-Phalguni. 

As time in the abstract is in duration the same for all measures of 
it, the term Mana, or kind of time, can only have reference to the 
origin from which each specific unit is derived, 
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The only m variable astronomical unit, as far as we know, is the 
sidereal day, or the time of one rotation of tlu^ eartli aboui its axis, 
or the time of one apparent revolution of the spliere of the stars 
about the eartli. 

solar day from sunrise to sunrise, the lunar day, the solar 
month in its difhu’ent forms, the lunar month from one lull moon to 
another, et<?., are all variable magnitudes, which in their mean values 
are referred for comparison to the invariable sidereal time. 

The Marias nam(Hl at tlie beginning of this Chapter have in other 
ways been mentioned in former parts of the work. Here it would 
a.])p(‘ar they have more particular reference to their uses in religious 
observances, holy timer of sacrifice, etc. 

The Mana of llrahma e- tlje Ka|U‘i. 

The Mana of Praisipati the latch's’ Manu) is the duration of 
71 Maha >higas. 

The Jifana of the (tods is day and night, or a year of mortals. 

The jNlana of the Piiris is iiie lunar month, the duration of their 
day and night. 

The lunar month is a^'^i iun}\ ' Mana. 

The sidereal Mana is the sidereal day. 

The years of Jupiter are named by analogy from lunar months 
when Jupiter rises or sets heliacally. 



('HAPTEK XV. 


(mC'l.UDlNG OBSEin ATIONS, 

The purpose of tlie writer has now been aeeoinplislieclj namely, to 
place })<Toro tlie leader sonu' simple account of tlie nature and 
peculiarities of ITindu Astronomy. 

No doubt much lias been oiniHed which might have been 
advantageously inserted for a coin])le<e appreciation of the subject, 
but it is hoped that sufficient lias been staled to present a general 
sketch which may enable ihos(' int^erested to retain a grasp of its 
princi[)al features, ft may, how^^Tlbe desiiable before leaving tlie 
subject, to offer a few’ remarks i eu at the risk of rejietition. 

The authoiV olijcct has been, in the lirst place, to point in some 
measur(‘ to, and emphasize, the extreme antiipiit}’^ of the science of 
Astronomy, as found m India : seci?idlY, to give sneli a deseiiption 
as to enable Die general readei\lo note nrtii only the similarities to, 
but also t he differences from, the astroiiomieal seience of the West, 
w'it h a % i(*w, by such coinpaiisoii, to foim Ids own estimate of the 
origin of the one system, or of the other : thirdly, to show that even 
in the Paganism and mythology of the Hindus tliere is a substratum 
of wortli so far as these are connected with their system of 
Astronomy. 

Upon the first point (the antiquity of that system), it may be 
remarked, that no one can carefully study the information collected 
by various investigators and translators of Hindu works relating to 
Astronomy, without coining to the conclusion that, long before 
the period when Grecian learning founded the basis of knowledge 
and civilization in the West, India had its own store of erudition. 
Master minds, in those primitive ages, thought out the problems 
presented by the ever recurring phenomena of the heavens, and gave 
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birth to the ideas which were afterwards formed into a settled system 
for the use and benelit of succeedin|4 Astionomeis, Mathematioians, 
and Scholiasts, as well as for the guidance of \otarit‘& of leligjon. 

No system, no theory, no loriniila, eoneerning tliose jdieiiomeiia 
could possibly ]ia\e sprung suddenly into e:si.istenee at t lie cdll, or 
upon the dictation of a single genius. Far rat her is it to be su])posed 
that little by little, and after many arduous labours of muneums 
minds, and many consec^uent ])eriods jiassed in the investigation of 
isolated phenomena, a system could be expected to be foimed into a 
general science eoneerning tliern. 

Further, as Bailly ha^ truly lemarked. Astronomy cannot be 
mimbeied among tbo'-^ ot and s, uui ( wlticli in a moie pedili.ir 

manner belong to tin o( uu<^UMfK>n, and which by 1 lie 

«? 

wonderful energy of m (dou*- a 1 < ud d gmuus aie olten Inougbi 
rapidly to pel fection. h t , i»n ll :aduus,by \eiy slow advance'- 
that a science loundui in di F ImsI' <t continued ohsa'cailoii^f 
and piofouiid matheiu<i u.d ie«‘u«Iieh, ippioaebes to any degiee ot 
maturity. Many ag< % HinFre, mus< liavc^ elapsed before the 
motion of the sun, nuKmt.nml plane*, ^ mid be ascertained with 
exactness; before instrument^ weie invented to take the height of 
the pole and elevation of (he stars; and heioie 1 Ik‘ beveuil positions 
in the heavens could be accurately noted on descu’iptive tallies oi a 
celestial globe. 

It is in the light of such considerations as tliese, that the 
investigator of the facts relating to Jlindu Astronomy com])elled 
to admit the extreme antiquity of the science. As far back as any 
historical data, or even any astronomical deduction, can carry the 
mind, the conception of the ecliptic and the zodiac is presented to 
view in a system. It is very reasonable therefore to infei that an 
unknown number of centuries must ha\e elax)«ed xireviously, duiiiig 
which the primitive x>hilosophei'S established their id('as in tlie 
connected manner indicated in the conception referred to. The 
same observation and inference may be applied to the reasoning 
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powers brought into play in the science of mathematics and kindred 
subjects, in which even in their most abstruse aspects, the Hindus, 
at any rate amongst the higher and more educated castes, have 
shown a dce])ly reflective capacity. In some quarters, an attempt 
has been made to minimise tliese faculties upon grounds which, in 
the opinion of the jnesent writer, are not only inadequate, but which 
show in the critics themselves a want of appreciation of the true 
merits of Hindu Astronomy. An impartial investigation of the 
crcumstances relating to the question wliether the itrecian 
Astronomy (wliich is the parent of our system), was original in its 
nature, and was copied by the Hindus, places it beyond doubt that 
the Hindu system was essentially different from and independent of 
the Greek. 

Some of the dissimilarities, some of the similarities in 

the two systems have been sh4^n ;,n the preceding chapters. As to 
the former, it maybe truthfully asserted that nothing like the fixed 
ecliptic with its fixed concomitant arrangement of lunar Asterisms 
is to be found in the Ptolemaic ai^d*^ later systems. Neither do we 
find in these latter, anything like ih(‘^’4hetliod em])loyed by the 
Hindus in estimating long periods of time, nor that of determining 
longitudes of tlie sun, moon, and j>lanets from their position in a 
Naeshatra. Moreover, it is only necessary to refer to the method 
adopted by Hindu Astronomers for determination of longitudes by 
the calculated rising of the signs, and used also in finding the 
horoscope, and the nonagesimal point, and the culminating point on 
the ecliptic ; there is no such method in our system. Even the 
process of calculations employed in regard to everything stated in 
Siddhantas, appears to exhibit a fundamental difference in the Hindu 
system, from processes employed in the science of the West. Again, 
it may be asked, where is there anything similar to the Palabha, or 
equinoctial shadow of the gnpmon, used in that system, as an 
equivalent for the latitude of a place, and where is there anything 
like the formula entitled the Valana, in the projection of an eclipse ? 
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Further, is there anything with us correspomiiug to the Hindu 
ra<lins, estimated in 3,438 minutes of are? These are uniipie, and 
go far to establish tlie contention tliat., whatever he the origin <jf tlie 
Hindu system, it certainly was not, in these ami otlna* particulars, 
copied from the Gn‘cian or any European system. 

J/istly, it. has been the author’s desire, by tin* preceding 
explanation vS, to disp(d some of tlie supercilious ridicule cast by st)me 
Western critics upon Hindu methods of tlealing with astronomical 
time, and upon their mythology. Such ridicule would a})pear to l)e 
unmerited, since the subject of it has been misunderstood. So tar 
from tlio extraordinary number^^ of years employed in computation 
by Hindu Astronomers being absurd, it \vd< been shown that they 
were absolutely necessary to a ‘ system and mtdhods, for 

' ' » JL?' 

ensuring accuracy. Th- e^yt hology, likewise, of the 

Hindus, grotesque and hjirharousa- yhir oi their stories may appear, 
had within it much that was valuable in point of instruction. No 
naf ioTi in existence cai; atVorJ tg compare its latter day tenets of 
science with its earliest tiieorij^. ai’d .c,osmograi)hy, without a smile 
at the expense of anceso^p'^ but Iht^ Faudn.-. in this view, may, with 
not a little justifiable pride, point to their sciences of Astronomy, of 
Arithmetic, Algebra, Greometry and even of Trigonometry, as 
containing within them evidences of traditioned civilization (com- 
paring favourably with that of any other nation in the world. 




Al’PENDlX 1. 


AVilIi r<"gard to tlio xsnppobod uotiial oKs(a’V/i{Ioiis ol' lijo j>]aii(‘ts Ly tlio 
Hindu A.stononK'Ts at tlio epocJi ot* tiio Kali Lapliua*, aflor 

hpeaking- of tlu^ Chineso and tln'Ir si'rupulons atlaclinK'iit lo anciout 
rufttonis wlildi oxtendrd ovon to tlirii- a^tronoujic-al rules, ami lias con- 
tiDaitcd among them to koop this sciiaua* in a pi'i’pclual staU‘ of infancy, 
proceeds tliiLS in liis “ E\ position du Systcim* dii ]\roii(lo” ; -- 

‘'The Indian tables iinluaita’ tU niucli more refined arstronoiny, hut 
everything shows t}i<at it is not of an exiremely reino<(‘ aaticpiity. And 
her(‘, with regivt, 1 dijTm- in opinion from a h‘a rued and illustrious 
aslroiioiuer (.M. Ikully} ho. aff?n‘ haviri.; h oounsl his ('areer hy labours 
n>eful both to seienee bnnuinit'.^ iel' -■ .a 'im to tiio most sjiuguinary 
tyranny, opposing tln^ ealnoe"'-. di^’'i.\' e>’ virtue to tho revilings of 
an infatuated p<*ople, vJoi'' d-»ug, d the last agonies of his 

exi'^teneo. .f< '‘.o-* ai 

‘‘The Indian tahle;* hav* P'AvATpd r]} 0 (jhs, vshicli go batde, one to 
the year el02 tlu^ otlua !•. ibe year ib‘l ladois^ tlio ('liristiau Era. 
'llioso epochs are eonTe\^(*d vo:]! tpie' motions of tlie sun, moon, and 

])lanots, in such a manner 1 h.u ^y .;. iy fictitious ; tlio ctlebratod 

asfronomi'r above alludo^ to£|( Vio'e. iu his Indian astronomy to 
prove that tho first of t]u%> e]U‘chs i ^>gio ended on (ibsorvation. Not- 
willislanding all tlio argiuocnis bnmght i * vard with tlu' interest ho so 
W(‘ll knew” how” to bestow oa subjects llio most ditlit iilt, I <ain still of 
Opinion that tliis piHod was invumtod for the purpose of giving a common 
origin to all tho motions of the iioavmily bodies in the zodiac. 

“ in fact, computing, according to tin* Indian tahh‘s Iroiii tho year 1 101 
to 3102, wo find a general conjunction of tho sun and all tlu^ planets, as 
those tables suppose, but their conjunction diffei's t<a) much from tho 
result of our best tables to have ev'or takem ])lace, which sliows that tho 
epoch to which they refer was not established on observation, 

‘‘ But it must be owned that some elements of tho ITindii astronomy 
seem to indicate that they liavo been determined ovon before the first 
epoch. Thus tho ecpiation of the sun’s centre, which they fix at 2*11 , 

could not have boon of that magnitude, but at tho year KOO before the 
Cliristian era, 

‘‘ Tho whole of these tables, particularly the impossibility of tho (mui- 
j unction at tho cpojh they suppose, prove on the contrary that they have 
been constructed, or at least rectified, in modern fiincs. 
w 
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Nevortliole.ss, the ancient reputation of tlic Indians does not permit 
ns to doubt that ihoyliavo always cultivated astronomy, and the reiuavk- 
able exactness of the nieau motions which they assign to tlio sun and 
moon necessarily reqiiired very ancient observations.” 

It would apx3ear from a papt?r on tlie Trigonometry of tlio Tirahmins,’’ 
published in the “ Transactions of the Jloyal Society of Kdiidourgli,” Yob 
IV. (1798), eight years after his first paper on ‘^Tlie Astronomy of the 
Brahmins,” that Playfair was induced to modify his opinion with regard 
to Bailly’s belief as to the origin of the Kali Yuga, to wliieh lie liad 
referred in tluj construction of the Indian astronomical tables. 

lie says, ^‘1 cannot liolp observing, in justice to an author of whose 
tahmts and genius the world has heen so unseasoiuiMy and so cruelly 
deprived, that his opinions, with respect lo this era, appear to have been 
often misunderstood. 

‘‘ It certainly was not his intention "to assert that the Kali Yuga was a 
real era, consid(Ted with respect to the mythology of liulia, or even that 
at so remote a period the religtG#^®|s;^hmfi laid an oxistfaiee. 

“ All I thinh Bailly meant to ' V nec('ssary 
to his system, is that the Kali or’ * year 3102 before our Kra, 

marks a point in the duration the world before which the foundations 
of astronomy were laid in the^, ' «t, aucl tlioso ^observations made from 

wliich th(' tables of the Bi'iihra;/ eon composed.” 

’ . 'K ' ' 
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There are iiinuinerahlo stars which, as far as wo know, never cliuiip^o 
their relative situations, in (‘oiise^j’iionco of which they are said 1o fx' lived. 
Thxis, thro (3 stars always form the same triangle, and witli a fonrtli ilio 
sanio trapo/dura, and tlie manifold figures, which tlioy niiiy he? coucidved 
to represent when they are supx>osod to ho joined by spherical arcs, hav<- 
ever retained the same form and situation, <}r nearly so, since ereatiou, 
and may continue so tlirougU on<lte|.j time- 

This fixity of character ol’ tlio stars was ivn-ogelsed in the most remote 
ages, and with the Ilindur^ it ^\as fomfdalion upon which their system 
of astronomy was built. Witli j/ par'i of the sun (the ('cliptic) 

has its xiosition also sensibl' em-e to the stars, although 

this is not the case with the callovi the cuiiliioctial, which has 

not that immoveahlo ohatj^.p,- , - ' J e(|iiator is contimially 

changing in jiosition, #iMl the O' . ' . ^ i- stars which arc referred 

to it, that is, thoir Eight nations, undergo cliang<'s 

yearly of a eomxdex iiaiur^ M'l‘p|‘eas nn'iv ehaugos in longitude are all 
of a character axipreciabij^-^'^Himple. a}*[)arent slow motion of the 

equinoctial and solstitial points along tiie ►cbptie, technically called the 
Xirecession, is really a- retrogression, by means of which all stars axqicar 
to move backwards al a mean annual rate i j' rapl seconds, causing an 
{innual augmentation to their Longitudes of the same amount, so that if 
we have a tabic of Longitudes of stars for any one year (as for the 
beginning of the century 1800) then the moan Longitude for any other 
time may be found by simply adding or subtracting oOT seconds to eacb, 
for each succeeding or preceding year. 

Again, the clianges in the Latitudes of stars are so minute that some 
writers have supposed the Latitudes to bo invariable ; this, however, is 
not quite true, for from an examination of many of the x^incipal stars, 
apd by a comparison of thoir Latitudes after long intervals of time, it is 
found that some almost insensible changes do take xdaee. Thus, out of 
a number of stars whoso Latitudes wei'e examined in 1815 and comxiared 
with those of the same stars as given for the year 1750, it w as ascertained 
that in lio ease had the Latitudes altered annually by so much as *32 of 
a second, and in some the changes were almost inaxq>r^ciablo. So that 
in a table of Latitudes and Longitudes, roctiliod for the beginning of a 
w 2 
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century, tlie Tiatitudes may in general be depended upon within loss than 
Jitilf a niinuto during the century, and the Longitudes at any lime by 
applying tlie correction for precession. 

The following table of zodiacal stars is taken from Dr. Gregory’s 
Ar,tronomy, 1802, Dy means of this table and a table of the moon’s 
L(uigitude, ho says, we may ascertain how often a given fixed star may bo 
eclipsed by the moon in a given year, ft will oven be found useful now 
for projecting tlio position of tlio (‘fiipth^ on photographic charts of 
zodiacal stars at tlio present day. Dor if two prominent stars of the 
pliotograx>li bo recognised whoso latitiuh's are known, then (drclcs may 
bo concoivt‘d drawn about each star at distances equal to tluu'r Latitudes, 
estimated according to the scah‘ of the pliotegraph, and they will have a 
portion of the ecliptic as a couuuon tangent: the points of the contact 
being points of the ecli| »tio having the same Loiigb iides as the stars. Thus, 
they servo for dettuanining the liOnghudos lo.d Latitudes of the other stars 
of the photograph- , ^ 

Idle ordinary phononu , 
siui and moon, the numerous 
conjunctions and oppoaiUouS), 
few degrees of it, and in a 
with the unaided eye. of astronomy the order of 

their occurrence soon be? i:) V v bf the table a simple 

calcidation AviJl givo tho . / ./S., of each m ‘succession. 


L>|rai0: polaX‘ ^}stom. such as eclipses of the 
of planets and fixed star^, their 
ou the ecliptic orVitliin a 
(*} ' L jiun' in gimoral ho observed 
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